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SUMMARY 
A programmable maintenance processor concept  applicable to  m u l t i p r o c e s s i n g  sys-  
tems h a s  been developed a t  t h e  NASA Ames Research C e n t e r ' s  Dryden F l i g h t  Research 
F a c i l i t y .  T h i s  s tand-a lone-processor  concept  i s  i n t e n d e d  to  p r o v i d e  s u p p o r t  for 
sys tem and a p p l i c a t i o n  s o f t w a r e  t e s t i n g  as w e l l  as hardware d i a g n o s t i c s .  An i n i -  
t i a l  mechaniza t ion  h a s  been i n c o r p o r a t e d  i n t o  t h e  extended a i r c r a f t  i n t e r r o g a t i o n  
and d i s p l a y  system ( X A I D S )  which is  m u l t i p r o c e s s i n g  genera l -purpose  ground s u p p o r t  
equipment. The XAIDS maintenance processor h a s  independent  t e r m i n a l  and p r i n t e r  
i n t e r f a c e s  and a dedicated magnet ic  bubble  memory t h a t  stores system tes t  sequences 
e n t e r e d  from the t e r m i n a l .  T h i s  report describes t h e  hardware and software embod- 
ied i n  t h i s  processor and shows a t y p i c a l  a p p l i c a t i o n  i n  t h e  checkout  of  a new XAIDS.  
. 
INTRODUCTION 
I n  1979 the NASA Ames Research C e n t e r ' s  Dryden F l i g h t  Research F a c i l i t y  (Ames- 
Dryden) undertook t h e  development of  microprocessor-based,  genera l -purpose  ground 
s u p p o r t  equipment ( G S E )  called t h e  a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system ( A I D S ,  
r e f .  1 ) .  A desire f o r  h i g h e r  performance later led t o  t h e  requi rement  (ref.  2 )  for  
a n  extended A I D S  ( X A I D S )  employing m u l t i p l e  16-bit processors. One X A I D S  ( r e f .  3 )  
e n t e r e d  s e r v i c e  i n  1984, and a second w i l l  e n t e r  s e r v i c e  i n  1987. During t h e  def i -  
n i t i o n  of t h e  XAIDS d e s i g n ,  t h e  requi rement  arose for a n  independent  processor capa- 
ble  of s u p p o r t i n g  b o t h  s o f t w a r e  and hardware t e s t i n g .  
as t h e  maintenance processor (MAINT) and is now one of f o u r  processors compr is ing  
t h e  b a s e l i n e  complement of e v e r y  X A I D S  u n i t .  
T h i s  processor became known 
T h i s  report f o c u s e s  on the e v o l u t i o n  of MAINT as a n  e s s e n t i a l  member of t h e  
X A I D S  processor s u i t e .  The c o n f i g u r a t i o n  of  the hardware and s o f t w a r e  for MINT 
i s  described, and software l i s t i n g s  are o f f e r e d  as appendixes .  Examples of t h e  
MAINT d i s p l a y s  are shown, and a n  overview of  operator procedures  is p r e s e n t e d .  
The c o n c e p t  is  b e l i e v e d  to  be u s e f u l  t o  any m u l t i p r o c e s s i n g  system r e q u i r i n g  
independent  maintenance s u p p o r t .  
NOMENCLATURE 
A I D S  a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system 
Am es -D r yd e n  NASA Ames Research Center ,  Dryden F l i g h t  Research F a c i l i t y  
BTO bus t imeout  
CKI command key i n t e r p r e t e r  
CRT c a t h o d e  r a y  t u b e  d i s p l a y  
DMA d i r e c t  memory access 
I / O  
ICE 
LED 
MAINT 
MBM 
MDS 
NMI 
PERPRO 
PCI 
PIC 
PIT 
PPI 
PROM 
RAM 
SBC 
S BX 
SDB 
v/v 
XAIDS 
During 
i n p u t / o u t p u t  
i n - c i r c u i t  emula tor  
l i g h t - e m i t t i n g  diode 
maintenance processor 
magnet ic  bubble  memory 
microcomputer development system 
nonmaskable i n t e r r u p t  
p e r i p h e r a l  processor 
programmable communications i n t e r f a c e  
programmable i n t e r r u p t  c o n t r o l l e r  
programmable i n t e r v a l  timer 
programmable peripheral i n t e r f a c e  
programmable read-only memory 
random access memory 
s i  ng le- board coinpu t e  x: 
s ingle-board  expans ion  
s y s  t e m  debugger  
v e r i f i c a t i o n  and v a l i d a t i o n  
extended a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system 
BACKGROUND 
t h e  r e s e a r c h  and development of t h e  o r i g i n a l  A I D S  d e s i g n ,  t h e r e  w a s  no 
c o n v e n i e n t  way to  g a i n  access to  t h e  A I D S  i n t e r n a l  system bus for t r o u b l e s h o o t i n g  or 
f o r  A I D S  s o f t w a r e  t e s t i n g .  I n  t h e  e a r l y  s t a g e s  of AIDS development,  a n  i n - c i r c u i t  
emula tor  ( I C E )  w a s  h e a v i l y  used as a s o f t w a r e  debugger and hardware checkout  tool. 
T h i s  r e q u i r e d  t h e  e x t e r n a l  s u p p o r t  of a microcomputer development system ( M D S )  which 
had a n  i n - c i r c u i t  emula tor  i n s t a l l e d .  T h i s  c o n f i g u r a t i o n  w a s  n o t  convenient  i n  t h e  
lab and w a s  t o t a l l y  u n s u i t a b l e  i n  t h e  hangar  when t h e  AIDS w a s  i n  s e r v i c e .  
S e v e r a l  a l t e r n a t e  approaches were c o n s i d e r e d  f o r  t h e  f i n a l  AIDS c o n f i g u r a t i o n ,  
b u t  l a c k  of f r e e  c a r d c a g e  s l o t s  and l imi t ed  memory space g r e a t l y  reduced t h e  number 
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of  o p t i o n s  a v a i l a b l e .  The approach f i n a l l y  selected w a s  a separate embedded monitor  
package s t o r e d  i n  an  a l t e r n a t e  set  of programmable read-only memory (PROM) c h i p s .  
T h i s  monitor  h a s  access to  a l l  of t h e  processor's on-board i n p u t - o u t p u t  ( I / O )  and 
memory, i n  a d d i t i o n  t o  t h e  e n t i r e  system bus i n c l u d i n g  1/0 and memory domains. The 
desired PROM set  ( o p e r a t i n g  system or moni tor )  was selected by a f r o n t  p a n e l  s w i t c h  
t h a t  a u t o m a t i c a l l y  g e n e r a t e d  a system reset whenever a change of PROMS w a s  made. 
A c t i v a t i n g  t h e  monitor  package, t h e r e f o r e ,  dumped t h e  u s e r ' s  s o f t w a r e  and p r e v e n t e d  
a n y  real-time s o f t w a r e - r e l a t e d  o p e r a t i o n s  whatsoever.  N e v e r t h e l e s s ,  t h i s  moni tor  
d i d  prove  u s e f u l  i n  a n a l y z i n g  hardware and f o r  t h a t  purpose  w a s  c e r t a i n l y  more con- 
v e n i e n t  t h a n  a n  emulator .  
When t h e  1 6 - b i t  X A I D S  development began, i t  soon became a p p a r e n t  t h a t  t h e  number 
o f  s u p p o r t  o p t i o n s  had i n c r e a s e d  c o n s i d e r a b l y .  For t h e  8086 microprocessor, t h e r e  
are s e v e r a l  monitor packages a v a i l a b l e  as w e l l  as i n - c i r c u i t  emula tors .  A l l  are 
des igned  to  s u p p o r t  s o f t w a r e  debugging b u t  may be used t o  examine and modify e x t e r -  
n a l  subsystems mapped to  t h e  system bus. The operating system used on t h e  XAIDS 
o f f e r s  bo th  an  on- l ine  dynamic debugger and a s ta t ic  system debugger.  Both of these 
a re  des igned  to  examine o p e r a t i n g  system objects such as t a s k s ,  mai lboxes,  and mes- 
s a g e s .  The dynamic debugger permits object examinat ion w h i l e  t h e  system is running;  
t h e  s ta t ic  debugger stops t h e  system (on e i t h e r  operator command or error c o n d i t i o n )  
and becomes an  e x t e n s i o n  of the monitor  f i r m w a r e .  The la tes t  XAIDS o p e r a t i n g  system 
c o n f i g u r a t i o n  employs a system debug monitor  p l u s  a system debugger.  The dynamic 
debugger  w a s  n o t  i n c l u d e d  s i n c e  e x p e r i e n c e  had shown t h a t  a debugger w a s  o n l y  
r e q u i r e d  d u r i n g  c o n f i g u r a t i o n  (system g e n e r a t i o n ) ,  and t h e  s ta t ic  SDB would be 
a d e q u a t e  f o r  t h a t  purpose. 
For most m u l t i p r o c e s s i n g  sys tems,  a similar v a r i e t y  of tools is u s u a l l y  avail-  
able to  t h e  system d e s i g n e r .  I n  t h e  case of XAIDS, however, t h e  avai lable  s o f t w a r e  
d i d  n o t  a l l o w  independent  access to  t h e  X A I D S  bus w h i l e  1/0 job s o f t w a r e  w a s  execut- 
i n g  under c o n t r o l  of t h e  o p e r a t i n g  system. T h i s  requi rement  r e s u l t e d  i n  a separate 
s o - c a l l e d  maintenance processor be ing  i n c l u d e d  i n  t h e  b a s e l i n e  XAIDS design. Such 
s tand-a lone  hardware can be an a s s e t  i n  any m u l t i p r o c e s s i n g  system where a d iagnos-  
t i c  tool independent  of t h e  o p e r a t i n g  system i s  r e q u i r e d .  
EVOLUTION OF X A I D S  MAINT 
The basic X A I D S  d e s i g n  i n v o l v e s  a t i y h t l y  mapped environment w i t h  numerous dual-  
por t  memories and 1/0 domain hardware e lements ,  a l l  mapped to  a common system bus. 
A p p l i c a t i o n s  of MAINT i n c l u d e  bus mapping checks d u r i n g  system b u i l d ,  f u n c t i o n a l  
t e s t i n g  of subsystems,  and a id  to s o f t w a r e  v e r i f i c a t i o n  and v a l i d a t i o n  (V/V) by 
p e r m i t t i n g  detai led examinat ion of s o f t w a r e  mailboxes used f o r  i n t e r p r o c e s s o r  com- 
municat ions.  The main f u n c t i o n a l  requi rement  for  MAINT is  to  be able to  police 
memory and 1/0 by g i v i n g  t h e  operator independent  read and w r i t e  c a p a b i l i t y  i n  both 
domains. A secondary f u n c t i o n a l  requi rement  is t o  independent ly  moni tor  a c t i v i t y  
of t h e  e i g h t  i n t e r r u p t  l i n e s  on t h e  system bus. The e a r l y  o p e r a t i o n a l  r e q u i r e m e n t s  
i n c l u d e d  a b i l i t y  t o  f u n c t i o n  with any  A S C I I  t e r m i n a l  regardless of baud rate, and 
t h e  g o a l  t h a t  operator keyboard protocols r e q u i r e  t h e  f e w e s t  possible k e y s t r o k e s .  
The e a r l y  MAINT c o n f i g u r a t i o n  involved  a s i n g l e  board computer i n s t a l l e d  i n  
t h e  X A I D S  c a r d c a g e  h o s t i n g  a s i m p l i f i e d  monitor  res ident  i n  PROM, w i t h  t h e  operator 
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i n t e r f a c e  provided  v i a  a s e p a r a t e  t e r m i n a l  connected to t h e  rear of t h e  XAIDS con- 
sole. The de ta i led  requi rements  for t h e  e a r l y  M A I N T  c o n f i g u r a t i o n  w e r e  
- independent  16-bit  memory segment s e l e c t i o n ,  
- 20-bit  a d d r e s s i n g  i n  memory mapped domain, 
- 1 6 - b i t  a d d r e s s i n g  i n  1/0 mapped domain, 
- b o t h  8- and 16-bit o p e r a t i o n s  i n  both  domains, 
- both redd and w r i t e  o p e r a t i o n s  i n  both domains, 
- s i n g l e  k e y s t r o k e  r e p e a t  f e a t u r e  on read  o p e r a t i o n s ,  
- b y t e  s e q u e n t i a l  memory s u b s t i t u t e  o p e r a t i o n s  , 
- b y t e ,  word, and double-word memory f i l l  o p e r a t i o n s ,  
- job b u f f e r  f o r  test  r e q u i r i n g  m u l t i p l e  o p e r a t i o n s ,  
- j o b  b u f f e r  e d i t o r  a l l o w i n q  delete, append, and erase, 
- e i g h t  bus i n t e r r u p t  c o u n t e r s  d i s p l a y e d  on demand, and 
- nonmaskable bus t imeout  i n t e r r u p t  t o  p r e v e n t  hangup. 
Many of the  f e a t u r e s  normally found i n  a monitor are missing:  register manipula- 
t i o n ,  s o f t w a r e  l o a d i n g ,  and e x e c u t i o n  c o n t r o l .  These f e a t u r e s  are of b e n e f i t  o n l y  
w i t h i n  t h e  processor e x e c u t i n g  t h e  a p p l i c a t i o n  s o f t w a r e .  
The MAINT i n s t a l l e d  i n  t h e  X A I D S  brassboard  i n  the  Ames-Dryden X A I D S  l a b o r a t o r y  
w a s  used  e x t e n s i v e l y  i n  s u p p o r t  of X A I D S  system and u s e r  s o f t w a r e  V/V. I n  a d d i t i o n ,  
t he  brassboard M A I N T  has been q u i t e  u s e f u l  i n  checking  o u t  new u s e r  boards ,  espe-  
c i a l l y  custom-engineered boards. The MAINT i n s t a l l e d  i n  t h e  f i r s t  p r o d u c t i o n  XAIDS 
r e c e i v e d  c o n s i d e r a b l e  u s e  d u r i n g  system b u i l d  and d u r i n g  s e v e r a l  u s e r  software 
i n s t a l l a t i o n  c y c l e s .  During t w o  y e a r s  of o p e r a t i o n ,  the e a r l y  MINT c o n f i g u r a -  
t i o n  proved t o  be a n  i n v a l p a b l e  tool,  b u t  s e v e r a l  areas f o r  possible improvement 
became e v i d e n t .  
The c o n c e p t  of a job b u f f e r  c o n t a i n i n g  a sequence of assorted o p e r a t i o n s  proved 
t o  be a v a l u a b l e  f e a t u r e  of M A I N T ,  however, t h e  o r i g i n a l  mechaniza t ion  was inade-  
q u a t e  i n  t w o  ways. The f i r s t  inadequacy w a s  v o l a t i l i t y  because  t h e  b u f f e r  was 
mapped i n t o  random access memory (RAM). To make a hardware c o n f i g u r a t i o n  change 
d u r i n q  t e s t i n g  of  a new board, it is n e c e s s a r y  to  power down t h e  sys tem because 
boards  c a n n o t  be either i n s e r t e d  or removed w i t h  power a p p l i e d  to  t h e  cardcage .  
T h e r e f o r e ,  whatever  job may have been created was l o s t  and had t o  be e n t e r e d  a g a i n  
when the  sys tem was powered up. 
r e p e t i t i v e  keyboard o p e r a t i o n s .  A second inadequacy w a s  t h e  l i m i t a t i o n  to  a s i n g l e  
job b u f f e r ;  f r e q u e n t l y  it w a s  found desirable to  have several jobs e x i s t i n g  simulta- 
neous ly .  Combining t h e s e  t w o  aspects of t h e  problem i n d i c a t e d  a need f o r  a s e p a r a t e  
n o n v o l a t i l e  memory of some sort, par t i t ioned i n t o  m u l t i p l e  job f i l e s .  
T h i s  lowered operator p r o d u c t i v i t y  w i t h  w a s t e f u l  
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A shortcoming i n  the  data r e a d o u t  format  became e v i d e n t  when t h e  MAINT w a s  used 
i n  a s o f t w a r e  V/V s u p p o r t  role r e q u i r i n g  d a t a  a r e a s  i n  d u a l - p o r t  meinories t o  be d i s -  
p layed .  Most of t h e  data i n  t h e  X A I D S  s o f t w a r e  s u i t e  is o t h e r  t h a n  t y p e  BYTE; com- 
monly used t y p e s  a re  WORD, DWORD, POINTER, and ASCII. The d i s p l a y  of t h e s e  h igher -  
order d a t a  t y p e s  as fragmented b y t e  a r r a y s  makes r e a d i n g  t h e  d a t a  d i f f i c u l t ,  and 
t h i s  i n  t u r n  lowers operator p r o d u c t i v i t y .  Thus a need arose t o  permit t h e  oper- 
a tor  t o  s p e c i f y  t h e  desired d a t a  t y p e  f o r  MAINT o p e r a t i o n s .  
A v a r i e t y  of t e r m i n a l s  h a s  been employed ranging  from 300-baud p r i n t i n g  ter- 
m i n a l s  t o  19200-baud cathode r a y  t u b e  (CRT) t e r m i n a l s .  For some t y p e s  of t e s t i n g ,  
t h e  p r i n t i n g  f e a t u r e  of some slower t e r m i n a l s  w a s  a requi rement  f o r  record keeping  
purposes ,  however, t h e  l o w  baud ra te  reduced t h e  speed a t  which tests could be per- 
formed. Because of this, a h i g h e r  baud rate CRT-type t e r m i n a l  w a s  normally employed, 
b u t  on some o c c a s i o n s  the need for  hardcopy would unexpec ted ly  arise. T h i s  e x p e r i -  
e n c e  underscored  t h e  need f o r  a means t o  produce hardcopy s e l e c t i v e l y  w h i l e  u s i n g  a 
CRT t e r m i n a l .  
I n  mid-1986 t h e  d e c i s i o n  was made t o  upgrade t h e  MAINT processor i n  t h e  brass- 
board and a l so  i n  t h e  X A I D S ,  t h e n  under development. The memory d e v i c e  selected w a s  
a magnet ic  bubble  memory (MBM) t h a t  p r o v i d e s  t h e  proper c a p a c i t y  and speed f o r  t h i s  
a p p l i c a t i o n .  The p r i n t e r  i n t e r f a c e  selected was t h e  Cent ronix- type  para l le l  s tand-  
a r d .  The supplementa l  requi rements  f o r  t h e  MAINT upgrade were 
- MBM p a r t i t i o n e d  i n t o  100 j o b  f i l e s  w i t h  a t i t l e  for  each,  
- job f i l e s  grouped as 10 decades of 10 jobs each,  
- job d i r e c t o r i e s  show f i l e  t i t l e s  by decades (0 t h r u  91, 
- job editor can load, modify, or s a v e  any of 100 f i l e s ,  
- job e x e c u t i o n  w i t h i n  decade invoked by s i n g l e  k e y s t r o k e ,  
- MBM backed up to  a n  e x t e r n a l  R A M  b u f f e r ,  
- MBM restored from a n  e x t e r n a l  RAM b u f f e r ,  
- memory w r i t e s  to s i n g l e  address i n  BYTE or WORD format, 
- memory f i l l s  i n  BYTE, WORD, DwORD, or A S C I I  format ,  
- memory r e a d s  i n  BYTE, WORD, DWORD, POINTER, or A S C I I ,  
- I/o f i l l  o u t p u t s  a c o n s t a n t  v a l u e  to  a range  of ports,  
- 1/0 o p e r a t i o n s  may be i n  BYTE or WORD format ,  
- p r i n t e r  i n t e r f a c e  is Centronix- type para l le l  s t a n d a r d ,  and 
- s c r e e n  image s n a p s h o t s  b u f f e r e d  f o r  p r i n t e r  o u t p u t .  
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HARDWARE CONFIGURATION 
The X A I D S  M A I N T  is  a s ingle-board  computer (SBC) employing an  8086-2, 1 6 - b i t  
microprocessor o p e r a t i n g  a t  a n  8 MHz c l o c k  rate. I t  is conf igured  w i t h  8 Kbytes 
of  s t a t i c  RAM, f o u r  2732A PROMs (16  K b y t e s ) ,  and a piggyback MBM module. A s  shown 
i n  f i g u r e  1 ,  t h e  128-Kbyte MBM piggyback i s  i n s t a l l e d  a t  t h e  s ing le-board  expansion 
(SBX) bus 54 connec tor  p o s i t i o n .  For t h i s  a p p l i c a t i o n  t h e  MBM h a s  i ts  jumpers con- 
f i g u r e d  f o r  t h e  p o l l e d  mode of o p e r a t i o n  so t h a t  no i n t e r r u p t s  or d i rec t  memory 
acc,ess (DMA) o p e r a t i o n s  are involved .  
The serial  i n t e r f a c e  f o r  t h e  t e r m i n a l  is c o n t r o l l e d  by t h e  8251A programmable 
communications i n t e r f a c e  ( P C I )  c h i p  on t h e  86/05 board. The P C I ,  p l u s  i t s  i n t e r -  
f a c i n g  d r i v e r  and r e c e i v e r  c h i p s ,  are c o n f i g u r e d  for  f u l l  duplex  RS-232 i n  data-set 
m o d e .  Any baud rate from 110 t o  19,200 may be software-selected u s i n g  t h e  c l o c k  2 
o u t p u t  from the 8253 programmable i n t e r v a l  timer (PIT)  ch ip .  
The p r i n t e r  i n t e r f a c e  is c o n t r o l l e d  by t h e  8255A programmable p e r i p h e r a l  i n t e r -  
face ( P P I )  c h i p  on t h e  86/05 board.  P o r t  A i s  c o n f i g u r e d  for o u t p u t  through a n  8287 
d r i v e r  c h i p  s u p p l i e d  on t h e  board and c o n t r o l s  t h e  e i g h t  p r i n t e r  d a t a  l i n e s .  P o r t  C 
b i t s  PCO-PC3 are c o n f i g u r e d  for  o u t p u t  through a 7408 d r i v e r  c h i p .  B i t  PCO i s  used 
t o  c o n t r o l  t h e  p r i n t e r  strobe s i g n a l ,  w h i l e  b i t  PC3 is  used to  c o n t r o l  t h e  l i g h t -  
e m i t t i n g  d i o d e  (LED) mounted on t h e  86/05 board. P o r t  C b i t s  PC4-PC7 are conf ig-  
ured  for i n p u t  u s i n g  one SBC-902 terminator chip c o n t a i n i n g  four  1000-Ohm p u l l u p  
resistors. B i t  PC4 is  to  used for t h e  p r i n t e r  select s i g n a l ,  b i t  PC6 is  used fo r  
t h e  p r i n t e r  acknowledge s i g n a l ,  and b i t  PC7 i s  used f o r  t h e  p r i n t e r  busy s i g n a l .  
P o r t  B is  n o t  used b u t  is  c o n f i g u r e d  w i t h  t w o  SBC-902 t e r m i n a t o r s .  
SOFTWARE DESCRIPTION 
The s o f t w a r e  for MAINT is  produced on t h e  XAIDS brassboard system i n s t a l l e d  i n  
t h e  Ames-Dryden X A I D S  l a b o r a t o r y .  T h i s  s o f t w a r e  is w r i t t e n  i n  PLM86 programming 
language and is  broken i n t o  f o u r  separate modules: a main program, i n t e r r u p t  rou- 
t i n e s ,  l i n e  p r i n t e r  r o u t i n e s ,  and MBM r o u t i n e s .  These modules are  s e p a r a t e l y  com- 
pi led u s i n g  t h e  COMPACT and OPTIMIZE(3) c o n t r o l s  t h a t  minimize t h e  s i z e  of t h e  
r e s u l t i n g  code segments.  The f o u r  object f i l es  produced by t h e  compiler are t h e n  
l i n k e d  t o g e t h e r  and l o c a t e d  u s i n g  t h e  u t i l i t i e s  LINK86 and LOC86. The u t i l i t y  LOC86 
i s  invoked u s i n g  c o n t r o l s  t h a t  cause it t o  g e n e r a t e  t h e  PROM bootstrap i n s t r u c t i o n ,  
t h e  r e g i s t e r  i n i t i a l i z a t i o n  code sequence,  and t h e  main program e n t r y  i n s t r u c t i o n .  
T h e r e a f t e r  PROM programming s o f t w a r e  is  used f i r s t  to create PROM f i les  from t h e  
LOC86 o u t p u t ,  and t h e n  t o  program t h e  f o u r  2732A PROMs on a u n i v e r s a l  programmer. 
Appendix A shows t h e  submi t  f i l e  used to  automate l i n k i n g ,  l o c a t i n g ,  and PROM f i l e  
g e n e r a t i o n ;  a l s o  i n c l u d e d  are t h e  p r i n t  f i l e s  produced by LINK86 and LOC86. 
Appendix B shows t h e  compiler l i s t  f i l e  f o r  t h e  s o u r c e  module MAINT.P86 con- 
t a i n i n g  t h e  main program and a number of s u p p o r t i n g  r o u t i n e s .  The main program 
f i r s t  performs i n i t i a l i z a t i o n s  of R A M ,  i n t e r r u p t s ,  l i n e  p r i n t e r ,  se r ia l  i n t e r f a c e ,  
e d i t  b u f f e r ,  and MBM. A f t e r  showing t h e  sign-on and command menu, the main pro- 
gram then e n t e r s  a looping  t o p - l e v e l  command key i n t e r p r e t e r  ( C K I ) .  The CKI f i r s t  
g i v e s  t h e  operator one of t w o  prompts: a n  arrowhead i f  t h e  job b u f f e r  i s  be ing  
edi ted,  otherwise, a p e r i o d .  The C K I  t h e n  accepts any one of t h e  f o l l o w i n g  com- 
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I mand k e y s t r o k e s  : 
H 
0-9 
M 
I 
J 
R 
S 
<space> 
< c n t l  C> 
< c n t l  B> 
< c n t l  R> 
< re  t u r n >  
<esc> 
shows h e l p  page 
e x e c u t e s  MBM job f i l e  dO-d9 from c u r r e n t  decade d 
invokes  memory s e r v i c i n g  r o u t i n e  
invokes  1/0 s e r v i c i n g  r o u t i n e  
invokes  job s e r v i c i n g  r o u t i n e  
d i s p l a y s  i n t e r r u p t  t a l l y  c o u n t e r s  
selects new memory segment 
repeats l a s t  o p e r a t i o n  
e x i t s  job b u f f e r  append mode 
invokes MBM backup r o u t i n e  
invokes MBM res tore r o u t i n e  
shows command menu 
r e i n i t i a l i z e s  MBM and shows sign-on 
Three special  k e y s t r o k e s  are i n t e r c e p t e d  by t h e  t e r m i n a l  1/0 r o u t i n e s  i n c l u d e d  
i n  MAINT.P86. The < c n t l  P> k e y s t r o k e  sets a f l a g  i n d i c a t i n g  t h a t  t h e  operator wants 
t o  dump t h e  c u r r e n t  Screen  image t o  p r i n t e r .  During a memory o r  1/0 read  o p e r a t i o n ,  
t h e  operator may h a l t  t h e  s c r e e n  d i s p l a y  u s i n g  < c n t l  S> and restart  i t  w i t h  < c n t l  Q>. 
I n  a special  c a t e g o r y  is  t h e  <est> key which s e r v e s  t w o  u s e s  i n  a d d i t i o n  t o  t h o s e  
shown p r e v i o u s l y .  During a memory or 1/0 read o p e r a t i o n ,  <est> c a u s e s  ar. abort  and 
r e t u r n  t o  t h e  C K I .  Another use of <est> is recognized  by most command-servicing 
code sequences.  Because C K I  command s e r v i c i n g  ( u s u a l l y )  requests additional key- 
s t rokes  f r o m  the operator to complete t h e  s e t u p  of the  command l i n e ,  the tesc> key 
i s  i n t e r p r e t e d  a t  such times as an  abort  request. 
A MAINT job f i l e  i s  a b lock  of A S C I I  t e x t  t h a t  may e x i s t  e i t h e r  as one of 100 MBM 
f i l e s  or i n  t h e  job b u f f e r  used for e d i t i n g .  Job f i l e s  always t a k e  t h e  form shown 
i n  f i g u r e  2; t h e y  a r e  1,280 b y t e s  i n  l e n g t h  and c o n s i s t  of a t i t l e  p l u s  a command 
sequence.  The t i t l e  may be up t o  63 characters long and is always de l imi ted  (termi- 
n a t e d )  by a n  A S C I I  N U L  c h a r a c t e r  ( a  z e r o  b y t e ) .  The command sequence may be up t o  
1,215 c h a r a c t e r s  i n  l e n g t h  a n d  is broken i n t o  command l i n e s ,  each d e l i m i t e d  by a 
< r e t u r n >  character. The end of t h e  sequence is d e l i m i t e d  by a b y t e  c o n t a i n i n g  a l l  
ones.  Wi th in  t h e  MBM, t h e  100 job f i les  are mapped, as shown i n  f i g u r e  3 .  The MBM 
i s  c o n f i g u r e d  by s o f t w a r e  t o  a g r a n u l a r i t y  of 64 b y t e s  per b lock  u s i n g  error correc- 
t i o n .  A j o b  f i l e  t h u s  occupies  20 blocks,  100 f i l e s  occupy 2,000 of t h e  a v a i l a b l e  
2,048 b l o c k s ,  and t h e  t o p  48 blocks are n o t  used. 
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The r o u t i n e  t i t l e d  JSCMD, one of the major command s e r v i c i n g  r o u t i n e s  i n  
MAINT.P86, handles  a l l  o p e r a t i o n s  r e l a t e d  to  job f i l e s .  These o p e r a t i o n s  are: 
s e l e c t i n g  a n  MBM job f i l e  decade,  d i s p l a y i n g  t h e  t e n  job t i t l e s  f o r  t h e  c u r r e n t l y  
s e l e c t e d  decade, e x e c u t i n g  a n  MBM f i l e  from the c u r r e n t  decade,  e x e c u t i n g  t h e  con- 
t e n t s  of the j o b  b u f f e r ,  and h a n d l i n g  s e v e r a l  job b u f f e r  e d i t i n g  f u n c t i o n s .  The 
job b u f f e r  editor i n  t u r n  h a s  an  i n t e r n a l  command i n t e r p r e t e r  p e r m i t t i n g  t h e  oper- 
a tor  to  perform t w o  categories of o p e r a t i o n s .  F i r s t  of a l l ,  t h e  editor performs 
t w o  i m p o r t a n t  MBM-related o p e r a t i o n s :  l o a d i n g  any one of t h e  100 MBM f i l e s  i n t o  
t h e  j o b  b u f f e r  and s a v i n g  t h e  job b u f f e r  c o n t e n t s  as a new ( o v e r w r i t t e n )  MBM f i l e .  
I n  a d d i t i o n ,  t h e  edi tor  allows the f o l l o w i n g  job b u f f e r  m o d i f i c a t i o n s :  e r a s i n g  t h e  
t i t l e  block and command sequence,  i n s e r t i n g  a new job t i t l e ,  d e l e t i n g  a d e s i g n a t e d  
command l i n e  from t h e  command sequence,  and appending command l i n e s  t o  t h e  end of 
t h e  command sequence. While i n  the append m o d e ,  command l i n e s  are executed  i n d i v i -  
d u a l l y  as e n t e r e d .  The t c n t l  C> c h a r a c t e r  f o r c e s  a n  e x i t  from t h e  append m o d e .  
The CKI r e c o g n i z e s  t w o  i n f r e q u e n t l y  used special c h a r a c t e r s  t h a t  do n o t  appear 
i n  the menu or on t h e  h e l p  page: < c n t l  B> t o  create an  MBM backup f i l e  and < c n t l  R >  
t o  restore the Contents  of t h e  MBM from an  MBM backup f i l e .  Backup f i l e  o p e r a t i o n s  
are  done by means of a n  e x t e r n a l  64-Kbyte R A M  b u f f e r  mapped a t  a d d r e s s e s  OBOOOOH 
through OBFFFFH. T h i s  bu f fe r  shown i n  f i g u r e  4 is s t r u c t u r e d  and copied t o  and 
from t h e  desired hard  d i s k  f i l e  u s i n g  u t i l i t i e s  created a t  Ames-Dryden. The header  
i s  a 128-byte b lock  f i l l e d  w i t h  a b i t  p a t t e r n  t h a t  un ique ly  i d e n t i f i e s  the f i l e  as 
a n  MBM backup f i l e .  The d i r e c t o r y  c o n s i s t s  of 100 pairs  of WORD arguments which 
i n d i c a t e  t he  position and l e n g t h  of each job f i l e  i n  t h e  body p o r t i o n  of t h e  backup 
f i l e .  When a backup f i l e  i s  t o  be created, t h e  operator must f i r s t  specify w h e t h e r  
a l l  decades or o n l y  selected decades are t o  be backed up. The desired decades are  
t h e n  scanned and each nonempty MBM f i l e  is copied to  t h e  backup f i l e  b u f f e r  i n  con- 
densed form such  t h a t  the unused p o r t i o n  of t h e  job 's  command sequence b lock  is 
t r u n c a t e d .  S i n c e  normally far  less t h a n  h a l f  of a job 's  command sequence  b lock  i s  
e v e r  used, t h e  e n t i r e  128-Kbyte MBM is  e a s i l y  backed up i n  64-Kbytes. When t h e  MBM 
i s  restored from a backup f i l e ,  o n l y  t h o s e  jobs p r e s e n t  (nonzero  l e n g t h )  are w r i t t e n  
i n t o  t h e  MBM. 
Appendix C shows t h e  compiler l i s t  f i l e  for t h e  s o u r c e  module LP.P86 t h a t  c o n t a i n s  
a l l  t h e  s e r v i c i n g  r o u t i n e s  f o r  t h e  l i n e  p r i n t e r .  The r o u t i n e  INITIALIZESPRINTER sets 
u p  t h e  PPI c o n t r o l  r e g i s t e r ,  places the p r i n t e r  i n  t h e  o n - l i n e  s t a t e ,  resets the s ta te  
v a r i a b l e  PTRFLG, and i n i t i a l i z e s  t h e  b u f f e r  CRTSLINE t h a t  c o n t a i n s  the s c r e e n  image. 
The r o u t i n e  PRINTERSBUFFER i s  c a l l e d  whenever a c h a r a c t e r  i s  w r i t t e n  to  t h e  t e r m i n a l  
so  t h a t  t h e  same c h a r a c t e r  may be p laced  i n  CRTSLINE. The r o u t i n e  FRINTERSSNAPSHOT 
checks  whether  a t c n t l  P> h a s  been e n t e r e d ;  i f  so, it copies CRTSLINE t o  a second 
b u f f e r  called PTRSLINE and changes PTRFLG to  i n d i c a t e  t h a t  PTRSLINE is  ready.  If 
t h e  p r i n t e r  is  o f f - l i n e  (PTRFLG=O) or i f  t h e  p r e v i o u s  dump is  s t i l l  i n  p r o g r e s s  
(PTRFLG>l), t h e  < c n t l  P> is ignored .  The r o u t i n e  PRINTERSSERVICE is  called from a l l  
w a i t  loops and t h u s  s e r v e s  as t h e  background t a s k  for  managing t h e  dump of PTRSLINE 
t o  p r i n t e r .  T h i s  r o u t i n e  is c o n t r o l l e d  by PTRFLG that i terates through s e v e r a l  
states to  p r o p e r l y  p o s i t i o n  t w o  s n a p s h o t s  on each  11-inch page. 
Appendix D shows the compiler l i s t  f i l e  f o r  t h e  s o u r c e  module RUPTS.P86 
t h a t  c o n t a i n s  a l l  the s e r v i c i n g  r o u t i n e s  f o r  M A I N T  i n t e r r u p t s .  The r o u t i n e  
INITIALIZE$INTEKRUPTS l o a d s  t h e  256 i n t e r r u p t  v e c t o r s ,  Sets up v a r i o u s  prograrn- 
mable i n t e r r u p t  c o n t r o l l e r  (PIC) r e g i s t e r s ,  unmasks t h e  e i g h t  PIC i n t e r r u p t  i n p u t s ,  
clears the edge- t r iggered  f l i p - f l o p ,  and e n a b l e s  i n t e r r u p t s .  The e i g h t  bus i n t e r -  
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r u p t s  are s e r v i c e d  as i n t e r r u p t s  32 t o  39 u s i n g  t h e  PIC w h i l e  t h e  bus t imeout  (BTO) 
i n t e r r u p t  is s e r v i c e d  as i n t e r r u p t  2 u s i n g  t h e  nonmaskable i n t e r r u p t  (NMI) p i n  on 
t h e  8086. These n i n e  r o u t i n e s  each increment  i n d i v i d u a l  c o u n t e r s  w h i l e  t h e  remain- 
i n g  247 i n t e r r u p t s  are n o t  used and s h a r e  a common counter .  The BTO i n t e r r u p t  rou- 
t i n e  a l so  sets t w o  f lags ,  one i n  MINT called BTOSFLAG, and t h e  o t h e r  e x t e r n a l l y  i n  
t h e  XAIDS p e r i p h e r a l  processor (PERPRO). BTOSFLAG is used by v a r i o u s  CKI s e r v i c i n g  
r o u t i n e s  to  t e r m i n a t e  read  or write o p e r a t i o n s  whenever BTO o c c u r s .  The PERPRO f l a g  
c a u s e s  a be l l  s i g n a l  a t  t h e  main operator's t e r m i n a l  and f l a s h e s  a BTO warning LED 
on  t h e  console .  
Appendix E shows the compiler l i s t  f i l e  for  the s o u r c e  module MBM.P86 t h a t  con- 
t a i n s  a l l  t h e  s e r v i c i n g  r o u t i n e s  f o r  the iSBX-251 MBM. The r o u t i n e  INITIALIZES251 
s e n d s  t w o  commands to  t h e  MBM c o n t r o l l e r  ch ip :  command 9 f i r s t  aborts any opera- 
t i o n s  t h a t  may be i n  p r o g r e s s ,  and command 1 t h e n  performs a complete i n i t i a l i z a t i o n  
o f  t h e  c o n t r o l l e r .  INITIALIZES251 a l so  writes a message t o  t h e  t e r m i n a l  t h a t  informs 
t h e  operator of t h e  outcome of t h e  i n i t i a l i z a t i o n .  The r o u t i n e  READS251 i s  typed 
BYTE and per forms a l l  read o p e r a t i o n s  from MBM t o  RAM, r e t u r n i n g  t h e  s u c c e s s / f a i l  
s t a t u s  of t h e  o p e r a t i o n .  I t  r e q u i r e s  t h r e e  arguments:  a WORD s p e c i f y i n g  the num- 
ber of b l o c k s  to  be read, a WORD s p e c i f y i n g  t h e  i n i t i a l  b lock ,  and a POINTER t o  t h e  
d e s t i n a t i o n  b u f f e r .  The r o u t i n e  WRITES251 t r a n s f e r s  t h e  c o n t e n t s  of  t h e  job editor 
b u f f e r  to  t h e  MBM; a s i n g l e  b y t e  argument s p e c i f i e s  t h e  f i l e  number (0-99). 
Four i m p o r t a n t  s u p p o r t i n g  r o u t i n e s  are used l o c a l l y  w i t h i n  MBM.P86: SETUPS251, 
COMMANDS251, EXECUTES251, and COMPLETES251 SETUPS251 merely loads up s e v e r a l  r e g i s -  
ters i n  t h e  MBM c o n t r o l l e r  c h i p  and i s  t h e r e f o r e  n o t  a typed r o u t i n e .  However it 
does r e q u i r e  t w o  WORD arguments s p e c i f y i n g  t h e  number of b l o c k s  involved  f o r  t h e  
for thcomiqg o p e r a t i o n  and t h e  f i r s t  block to  be t r a n s f e r r e d .  The remaining t h r e e  
r o u t i r % e s  sre typed BYTE and r e t u r n  t h e  s u c c e s s / f a i l  s t a t u s  of t h e  r e q u e s t e d  opera- 
t i o n ;  c:;ror messages are d i s p l a y e d  on t h e  t e r m i n a l  whenever a n  o p e r a t i o n  f a i l s .  
COMMANDS251 r e q u i r e s  a s i n g l e  RYTE argument s p e c i f y i n g  t h e  d e s i r e d  command; 
EXECUTES251 and COMPLETES251 r e q u i r e  no arguments.  
Several r o u t i n e s  i n  MBM.P86 have a t imeout  f e a t u r e  t h a t  aborts t h e  r o u t i n e  if 
e x c e s s i v e  t i m e  is  used f o r  a p a r t i c u l a r  o p e r a t i o n .  T h i s  p r e v e n t s ,  fo r  example, a 
hangup i f  t h e  number of b y t e s  t r a n s f e r r e d  t o  or from t h e  MBM does n o t  e x a c t l y  match 
t h e  expec ted  va lue .  whenever such a t imeout  occurs, t h e  r o u t i n e  writes a n  appro- 
pr ia te  message t o  t h e  t e r m i n a l ,  t h e  INITIALIZES251 r o u t i n e  is called,  and a f a i l  
s t a t u s  is r e t u r n e d  where applicable. 
EXAMPLES OF TYPICAL OPERATIONS 
To u s e  MAINT, a separate RS-232 t e r m i n a l  i s  r e q u i r e d  t h a t  is connected  t o  t h e  
sys tem i n t e r f a c e  p a n e l  i n s i d e  t h e  X A I D S  rack (accessable from t h e  l e f t  rear door). 
T h i s  t e r m i n a l  may employ any baud ra te  i n  t h e  range  1 1 0  t o  19,200. When t h e  X A I D S  
i s  powered up, t h e  MAINT f i rmware e n t e r s  a lockon loop t h a t  s e n s e s  one or t w o  capi- 
t a l  let ter 'U' k e y s t r o k e s  t o  d e t e r m i n e  t h e  baud rate. The program t h e n  d i s p l a y s  a 
command menu t h a t  i n c l u d e s  a 'Help' command, whereupon t h e  operator may perform any 
d e s i r e d  inemory or 1/0 o p e r a t i o n .  The examples g i v e n  i n  t h i s  s e c t i o n  were g e n e r a t e d  
on  a n  X A I D S  u n i t  under development i n  t h e  X A I D S  l a b o r a t o r y .  The t e r m i n a l  used w a s  
a s t a n d a r d  CRT w i t h  t h e  baud rate set  to  19,200. The d i s p l a y s  c i t e d  were dumped 
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t o  a l i n e  p r i n t e r  and are p r e s e n t e d  i n  t h e  e x a c t  order i n  which the o p e r a t i o n s  
w e r e  performed. 
The system w a s  powered up  and a n  uppercase  <U> w a s  e n t e r e d  on t h e  keyboard. 
D i s p l a y  1 shows t h e  CRT s c r e e n  as it appeared f o l l o w i n g  baud rate lockon. A similar 
d i s p l a y  ( w i t h o u t  t h e  baud rate message) w i l l  b e  g e n e r a t e d  by t h e  TLCI whenever <esc> 
i s  entered .  Disp lay  2 shows the r e s u l t  o f  e n t e r i n g  the <H> command a t  t h i s  p o i n t .  
T h i s  h e l p  page may be called up a t  any t i m e ;  i f  called w h i l e  t h e  job editor i s  i n  
append mode, t h e  H command is purged from t h e  job b u f f e r .  
D i s p l a y  3 shows a sequence where t h e  operator wishes to  examine t h e  c o n t e n t s  of 
a n  e x i s t i n g  MBM f i l e  known o n l y  by the t i t le :  "Scan PERPRO RAM".  The f i rs t  step i s  
t o  d e t e r m i n e  the f i l e  number by s e l e c t i n g  decades and examining job t i t l e s  u n t i l  t h e  
f i l e  is found. Job decade 0 w a s  selected f i r s t  by e n t e r i n g  <J> (0) and f i l e  00 w a s  
i d e n t i f i e d  as b e i n g  t h e  one w e  wished to examine. Next t h e  job e d i t o r  w a s  invoked 
by e n t e r i n g  <J> <E>; c a l l i n g  up  the editor always produces a l i s t i n g  of t h e  job cur-  
r e n t l y  i n  the job buffer .  S i n c e  i n  o u r  case t h e  job b u f f e r  w a s  empty, t h e  f i l e  num- 
ber is 3 3 ,  the t i t l e  is blank, and no command l i n e s  are p r e s e n t .  Next t h e  desired 
f i l e  was loaded i n t o  the b u f f e r  by e n t e r i n g  <L> <O> < r e t u r n > .  The f i l e  is s e e n  t o  
c o n t a i n  a t w o  l i n e  command sequence c o n s i s t i n g  of t h e  s e l e c t i o n  of segment COO0 f o l -  
l o w e d  by a Memory Read Byte 4000 t o  7FFF. 
e n t e r i n g  <est>. 
F i n a l l y ,  t h e  job edi tor  w a s  e x i t e d  by 
Display 4 s h o w s  the r e s u l t  of partial  e x e c u t i o n  of f i l e  00, complete e x e c u t i o n  
of f i les 01, 02, and 03, and f i n a l l y  attempted e x e c u t i o n  of empty f i l e  04. S i n c e  
t h e  selected decade w a s  a l r e a d y  0, f i l e  00 w a s  executed  by s imply  e n t e r i n g  (0). I t  
w a s  q u i c k l y  aborted u s i n g  t h e  test) key and t h e  TLCI prompt a g a i n  appeared. There- 
a f t e r  <1> was entered followed by <2>,  <3>,  <4>,  and < c n t l  P>. T h i s  example demon- 
strates the ease w i t h  which s e v e r a l  jobs w i t h i n  a decade  c a n  be q u i c k l y  performed i n  
s u c c e s s i o n  w i t h  a minimum of keys t rokes .  
D i s p l a y  5 shows a n  example of the u s e  of  t h e  job editor to  create a temporary 
job i n  the job b u f f e r .  
PERPRO RAM which fa l ls  i n  the address range  C4000 t o  C400F. F i r s t  t h e  job edi tor  
w a s  entered and job 00 i s  d i s c o v e r e d  a l r e a d y  stored t h e r e .  The e x i s t e n c e  of the 
f i l e  number on t h e  s c r e e n  g u a r a n t e e s  t h a t  it is indeed  a d u p l i c a t e  of t h e  c o n t e n t s  
of MBM f i l e  00, e i t h e r  loaded from MBM and l e f t  u n d i s t u r b e d ,  or created by t h e  edi- 
to r  and r e c e n t l y  w r i t t e n  t o  MBM f i l e  00 ( t h e  former i n  o u r  case). The job b u f f e r  
was erased by e n t e r i n g  <E> fo l lowed by <Y>, and t h e  append mode was engaged by e n t e r -  
i n g  <A>. The segment C400 w a s  s e l e c t e d  by e n t e r i n g  <S> <C> <4> <O> <O> < r e t u r n > ,  
t h u s  c r e a t i n g  a new l i n e  1 i n  t h e  job b u f f e r .  A new l i n e  2 w a s  created by e n t e r i n g  
<M> <R> <B> <0> < r e t u r n >  <F> < r e t u r n > ,  which executed  a dump of  t h e  d e s i r e d  block of 
PERPRO RAM. F i n a l l y  append mode w a s  t e r m i n a t e d  by e n t e r i n g  < c n t l  C> and t h e  editor 
w a s  e x i t e d  by e n t e r i n g  <est>. Temporary jobs s u c h  as t h i s  remain u n d i s t u r b e d  as 
l o n g  as the editor is n o t  used to  a l t e r  t h e  job b u f f e r .  
The case assumed a desire to  d i s p l a y  t h e  f i r s t  16 b y t e s  of 
D i s p l a y  6 shows t h e  r e s u l t  of e x e c u t i n g  t h e  c o n t e n t s  of t h e  job b u f f e r  f i v e  
times: first by e n t e r i n g  <J> <space> and t h e n  by e n t e r i n g  <space> f o u r  t i m e s .  Each 
time t h e  b u f f e r  is executed ,  t h e  job f i l e  number and t i t l e  are f irst  d i s p l a y e d ,  f o l -  
l o w e d  by t h e  a c t u a l  e x e c u t i o n  of t h e  command l i n e s .  
m i s s i n g  and t h e  t i t l e  is blank.  S e l e c t  segment command l i n e s  i n  jobs are executed  
I n  our  case t h e  f i l e  number is  
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b u t  never  d i s p l a y e d ;  t h e  selected seyrnent is always d i s p l a y e d  d u r i n g  e x e c u t i o n  of 
memory-rela ted o p e r a t i o n s  . 
D i s p l a y  7 shows a n  example of a somewhat inore l e n g t h y  job b u f f e r  and i ts  execu- 
t i o n .  The job c o n s i s t s  of e i g h t  l i n e s  invo lv ing  a n  a s s o r t m e n t  of memory o p e r a t i o n s  
and  w a s  created s i m i l a r l y  to t h e  steps described for  D i s p l a y  5. The d i s p l a y  s n a p s h o t  
shows t h e  r e s u l t s  of t h e  f o l l o w i n g  steps: ( 1 )  t h e  job editor w a s  e n t e r e d  to  examine 
i t s  c o n t e n t s ,  ( 2 )  t h e  ed i tor  w a s  e x i t e d  u s i n g  <est>, and ( 3 )  t h e  job b u f f e r  was exe- 
c u t e d  us ing  <J> <space>. The job demons t r a t e s  t h e  use  of  t h e  memory f i l l  b y t e  (MFB), 
memory read b y t e  ( M R R ) ,  memory s u b s t i t u t e  ( M S ) ,  and memory read A S C I I  (MRA) commands. 
D i s p l a y  8 shows a n  MBM backup o p e r a t i o n  where o n l y  a f e w  selected decades were 
backed up. The CKI command t c n t l  H> w a s  e n t e r e d  f i r s t ,  t h e n  the subsequen t  q u e r i e s  
were answered i n  t h e  sequence  cy> <n> <O> <2> <6> < r e t u r n > .  A l l  nonempty f i l e s  pre- 
s e n t  i n  the three selected decades were copied to t h e  e x t e r n a l  b u f f e r ,  and l a s t ,  t h e  
backup f i l e  d i r e c t o r y  w a s  created. Such backup (as  w e l l  as restore) o p e r a t i o n s  can  
be done  o n l y  when the  X A I D S  i s  n o t  e x e c u t i n g  a u s e r  I/O job. T h i s  is  because  i t  i s  
n e c e s s a r y  t o  w r i t e  the MBM backup b u f f e r  c o n t e n t s  to  a ha rd  d i s k  f i l e  €or permanent 
s t o r a y e  us ing  a u t i l i t y  program called "SAVE". A companion u t i l i t y  called "LOW" i s  
used  to  copy a MBM backup f i l e  i n t o  t h i s  same b u f f e r  so that  t h e  C K I  command t c n t l  R >  
c a n  restore whatever f i l es  are  p r e s e n t  back i n t o  t h e  MBM. 
D i s p l a y  9 shows a few examples of I / O  read o p e r a t i o n s .  F i r s t  < r e t u r n >  w a s  
pressed to  d i s p l a y  t h e  command menu. T h i s  was followed by the s e l e c t i o n  of job dec- 
a d e  2 by e n t e r i n g  <J> <2>. L a s t ,  jobs 25, 26, and 27 were execu ted  by e n t e r i n y  (5) 
<6> <7>. A l l  t h r e e  of t h e s e  jobs are OF t h e  I/O read-byte  ( I R B )  type.  The 16-bi t  
1/0 address is d i s p l a y e d  a t  t h e  s ta r t  of  each  l i n e  w i t h  t h e  label  "I/O" p r e f i x e d  to 
c l e a r l y  d i s t i n g u i s h  them as I / O  r e a d o u t s  and n o t  memory r eadou t s .  
CC)NCLUDING REMARKS 
A s t and-a lone  main tenance  processor for a m u l t i p r o c e s s i n g  sys tem was developed  
a t  Ames-Dryden and placed i n  s e r v i c e  s u p p o r t i n g  sys tem s o f t w a r e  V/V and hardware 
d i a g n o s t i c s .  The l a t e s t  mechdniza t ion  p r o v i d e s  a n  independen t  terminal interface, 
a line p r i n t e r  i n t e r f d c e ,  and a magnetic bubble m e m o r y  for n o n v o l a t i l e  storage of 
o f t en -used  job sequences.  The s o f t w a r e  s u i t e  i n c l u d e s  a l a r g e  se t  of data d i s p l a y  
formatters,  r o u t i n e s  for sndpsho t  p r i n t e r  dumps of  t e r m i n a l  d i s p l a y s ,  file manage- 
ment r o u t i n e s  fo r  s t o r a g e  and r e t r i e v a l  of 100 job f i les ,  and r o u t i n e s  for backup 
and r e s t o r a t i o n  of t h e  e n t i r e  c o n t e n t s  of bubb le  memory. 
The major c o n t r i b u t i o n  of t h e  a a i n t e n d n c e  processor c o n c e p t  was improved e f f i -  
c i e n c y  i n  t e s t i n g  of sys tem hardware and so f tware .  Expe r i ence  to date wi th  t h e  
magnet ic  bubble  memory indicates  t h d t  i t  114s a d e q u a t e  speed and is v e r y  re l iable ,  
making t h i s  t ype  of nonvola t . i l e  memory i d e a l l y  s u i t e d  for  this a p p l i c a t i o n .  The 
a b i l i t y  t o  s e l e c t i v e l y  hardcopy s c r e e n  d i s p l a y s  f u r t h e r  speeded t e s t i n y  opera- 
t i o n s .  Only o f f - t h e - s h e l f  commercial hardware w a s  used,  r e s u l t i n g  i n  a h i g h l y  
c o s t - e f f e c t i v e  subsystem. 
T h e  a u t h o r  b e l i e v e s  that  where s u i t a b l e  hardware and space is a v a i l a b l e ,  a 
h i g h l y  iicjeful s t a n d - a l o n e  processor conf igu red  along these l i n e s  could be e a s i l y  
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dcs iqned or r t ’ t r o f i t t t 4  i n t o  most n u l  ti I~rows- i inc l  syste’rns. Although s u c h  r e s o u r c e  
does remain itl lc? t w i t  o t  t h r  t i w ,  ~t is nrvr.rttlc1c.ss i n v a l t i a h l e  whr:n needed (us( ] -  
a l l y  on s h o r t  notice) to a c c e s s  bus-rnapped memory or  hardwarcx tor whatever r e a s o n .  
ORIGINAL PAGE IS 
OF POOR QUALITY 
APPENDIX A 
F i l e s  MAINT.CSD, MAINT.MP1, and MAINT.MP2 
MAINT.CSD i s  a command sequence d e f i n i t i o n  f i l e  (or  s imply ,  SUBMIT f i l e )  t h a t  
i s  invoked by the operator u s i n g  t h e  RMX86 command l i n e  "SUBMIT MAINT." The SUBMIT 
u t i l i t y  adds t h e  ".CSD" e x t e n s i o n ,  f e t c h e s  t h e  MAINT.CSD f i l e ,  and submits commands 
the re f rom as i f  t h e y  were entered by t h e  operator l i n e  by l i n e .  The f i n a l  s i x  l i n e s  
of t h i s  f i l e  relate to  t h e  PROM programming phase  which is  handled  s e p a r a t e l y .  
MAINT.MP1 is  the p r i n t  f i l e  produced by t h e  LINK86 u t i l i t y  as it l i n k s  t h e  
f o u r  object f i l e s  s p e c i f i e d  i n  the SUBMIT f i l e  to  create the composite f i l e  
called MAINT.LNK. 
MAINT.MP2 is t h e  p r i n t  f i l e  produced by  t h e  LOC86 u t i l i t y  as it locates 
MAINT.LNK t o  create the absolute f i l e  MAINT. 
No l i s t i n g  is  produced by the iPPS software as it dissects the MAINT f i l e  
i n t o  t h e  t w o  PROM f i les  MAINT.LO and MAINT.HI. 
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ex  i t 
ORIGINAL PAGE IS 
OF POOR QUALITY: 
INPUT FILES: WNT.OEJt RUP?S.OEJI HBH.OEJt LP.OEJt :LAN6:PLW.U1 
OUTPUT FILE: MIWT.LIIK 
CONTROLS SPEGJFIEB I N  IMVOCATION CONHAND: 
DATE: 01/14/87 T1E: 10:23:13 
PRINT (flAINT. MPl) 
LINK )1Ap OF HODULE flAINT988 
LOGICAL !iEGflENTS IWUDED: 
LEHGTH AJDRESS ALIGN SEGWENT CLASS OVERLAY 37m ..----- 6 CODE CODE 
W DATA DATA 
W STACK STACK 
)I K M R Y  #E#ORY 
1BXH ------ 
OOBhN ------ 
OWjH ------ 
0Of:OH BOOOOH A (ABSOLUTE) 
Ol?OH B0080H A (ABSOLUTE) 
F3FOH BO2lOH A IAESDWTEI 
0400H OOOOOH A (ABSOLUTE) 
0001H C701EH A (ABSOLUTE) 
OOOOH ------ 6 ??SE5 
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iRHX 86 8086 LOCATER] V2.5 
INPUT FILE:  M I N T . L M  
OUTPUT FILE: M I N T  
CONTROLS SPECIFIED I N  INVOCATION COHHAND D 
TO M I N T  ORDER(CLASSES(DATAJSTACKJCODE) 1 INITCODEI 
PRINT (MINT,  HP2) PRINTCOWTROLS(N0PURGE) SYHBOLCOLUHNS (3) BOOTSTRAP 
OFFFDOH) ADDRESSES (CLASSES (DATA (400H) r COBE (OFCOOOH) 1 1 OBJECTCONTROLS (PURGE) 
DATE: 01/14/87 TIIIE: 10:23:30 
SYHBOL TABLE OF HODULE IVIINT-PR6 
BASE OFFSET TYPE SYHBOL BASE OFFSET TYPE SYHBOL 
0040H OCO8H PUB BTOFLAG 0040H 0540H PUB EDITBUFFER 
0040H OBC8H PUB KEY OOMH OCOOH WB NHICOMTER 
FCOOH 16FOH PUB HEX1 FCOOH 1707H PUB HEX2 
FCWH 3OJH PUB INITIALIZEINTERR FCOOH 3460H PUB IHITIALJZEPRINTE 
FCOOH 3489H PUB PRINTERBWFER FCOOH 35A3H P M  PRINTERSERVICE 
FCOOH 3371H PUB READ251 FCOOH 16W PUB M I T E  
-UPTS -R 
BASE OFFSET TYPE SYHBOL 
OOJOH OBEOH PUB INTCOUNTER 
0040H OC04H PUB UWllNOWNCOllHTER 
FCOOH 3 2 F M  WE IN IT IAL IZE251  
FCOOH WOH PUB LOJIHORDAUL 
FCOOH 353DH PUB PRINTERSNAPSHOT 
FCOOH 33DEH PUB WRITE251 
HEHORY HhP OF NODULE H A I N T J B 6  
NODULE START ADDRESS PARAGRAPH = FFFDH OFFSET = O O M  
SEGHEHT HAP 
START STOP LENGTH ALIGN "€ CLASS OVERLAY 
OOOOOH 
00400H 
OlFSCH 
BOOOOH 
BOOBOH 
B0210H 
C70lEH 
FCOOOH 
FF710H 
FFFDOH 
FFFFOH 
FFFF6H 
003FFH 
OlF5BH 
O lFE lH  
B 0 0 7 M  
B020FH 
BFFFFH 
C701EH 
FF704H 
FF710H 
FFFEBH 
FFFF4H 
F F F F M  
O4OOH 
1B5CH 
0006H 
OOBOH 
0190H 
FDFOH 
OOOlH 
370511 
OOOOH 
0019H 
0005H 
OOOOH 
A 
N 
A 
A 
A 
A 
6 
6 
A 
A 
w 
n 
(ABSOLUTE) 
DATA M T A  
STACK STACK 
(ABSOLUTE) 
(ABSOLUTE) 
(ABSOLUTE) 
(ABSOLUTE) 
CODE CODE 
??Sf% 
??LOC86-INITCO CODE 
(ABSOLUTE) 
HEHORY HEIIORY 
-DE 
GROUP HAP 
ADDkESS GROUP OR SEGHENT NAHE 
FCOOOH CGRWP 
CODE 
0040OH DGROUP 
DATA 
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APPENDIX B 
F i l e  MAINT.P86 
The fo l lowing  l i s t i n g  shows the PLM86 s o u r c e  language f o r  the module c o n t a i n i n g  
the M I N T  main program, a set  of command.servicing r o u t i n e s ,  p l u s  a set of t e r m i n a l  
1/0 r o u t i n e s .  These are bundled i n t o  a s i n g l e  module s i n c e  t h e y  are t i g h t l y  coupled 
through numerous common v a r i a b l e  d e c l a r a t i o n s .  This module declares PUBLIC t h e  fol-  
lowing v a r i a b l e s  and procedures :  
KEY a BYTE variable which c o n t a i n s  the most r e c e n t  
opera tor  keys t roke .  
EDITSBUFFER a 1280 BYTE a r r a y  which c o n t a i n s  the job created by the 
job editor. 
WRITE a PROCEDURE w i t h  a POINTER argument that i d e n t i f i e s  a n  A S C I I  
s t r i n g  ( n u l l  delimited) t o  be w r i t t e n  to  the t e rmina l .  
HEX1 a PROCEDURE w i t h  a BYTE argument whose lower n i b b l e  is to  be 
w r i t t e n  to t h e  t e r m i n a l  as one hexadecimal  c h a r a c t e r .  
HEX2 a PROCEDURE w i t h  a BYTE argument to  be w r i t t e n  to  the t e r m i n a l  
as two hexadecimal  c h a r a c t e r s .  
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:i,'fl-Eb CONPILER NASMADFRF XAIDS MAINTENANCE PROCESSOR PROGRAM 14 JAN 1987 
i R M  86 PUtI-64 U2.7 COMPILATION OF NODULE M I N T 9 8 6  
OBJECT NODULE PLACED I N  NA1NT.OBJ 
COMPILER INUOKED BY: :LANG:PLn66 NAINT.P86 
ICOHPACT Ron NOXIITVECTOR OPTIMIZE (3) 
STITLE('NAWADFRF XAIDS MINTENANCE PROCESSOR PROGRM 14 JAN 1987') 
I /* MSA MS DRYDEN FLIGHT RESEARCH FACILITY I)/ 
/* Extended A i r c r a f t  I n t e r r o 9 a t i o n  6 Display Srstn (XAIDS) a/ 
/* tlaintenanre Processor (MAJNT) prodram i rcludin! i  1 ine P r i n t e r  */ 
/* and SEX251 Bubble Hemrr M u l t i d u l e  support. v 
/N Wri t ten  by Richard D. Glover' Research Engineering D i v i s i o n  */ 
1 M I N T J 8 6 :  DO i 
/* EXTERNAL RWTINES DECLMATIONS */ 
2 2 IMITIALIZE%IMTERWPTS: PROCEDURE EXTERNAL i END i 
4 2 IMITIALIZEWRINTER: PROCEDURE EXTERNAL i END i 
6 2 PRINTER$SWSHOT: PROCEDURE EXTERNAL i El0 1 
E 2 PRINTERlSERUICE: PROCEDURE EXTERNAL I END i 
10 2 PRINTERWFFER: PROCEDURE (CHAR) EXTERNAL ; DEUARE CHAR BYTE i END i 
13 2 IHITIALIZEI251: PROCEDURE EXTERNAL i END i 
15 2 WUTE%251: PROCEDURE (FILE) EXTERNAL i BECLME FILE BYTE i END i 
18 1 READSEL: PROCEDURE (HBLOCKSJSTARTJPTR) BYTE EXTERNAL i 
19 2 DECLARE (NBLOCKSISTART) WWlDi PTR POINTER i END i 
I /# EXTERMAL BACKUP/RESTORE BUFFER DECLARATIONS */ 
21 1 DECLARE BACKUP$RESTORE$BUFFER LITERALLY 'OBOOOOH' i 
22 1 #CLARE HDR (32) DWORD AT (BACKUPSRESTORECBUFFER+OOO) i 
23 1 DECLARE DIR (100) STRUCTURE (INOEX lloRbi LEMTH WORD) 
AT (BACKUPSRESTORESBUFFERtl28) i 
24 1 BEEu# WO (65008) BYTE AT (BACKUPSRESTORESBUFFERt528) i 
/n SBC 86/05 BOARD I/O PORT HAPPIN6 a/ 
25 1 
2 4 1  
28 1 
29 1 
30 1 
3 1  1 
32 1 
3 3 1  
I 34 1 
I 27 1 
DECLARE PPIA 
DECLARE PPI1 
DECLARE PPIC 
DECLARE PPIRG 
DECLARE PIT0 
DECLARE PIT1 
DECLARE PIT2 
DECLARE PITMD 
DECLARE USDATA 
E L A R E  USFLAG 
LITERALLY 'OC8H' i /I PROWMMBLE PERIPHERAL INTERFACE I)/ 
U T E R U Y  'OCAH' ; 
LITERALLY 'OCC" i 
LITERAUY 'OCE" i 
LITERALLY 'ODO" i 
LITERALLY 'OD2H' i 
LITERALLY 'OD#' i 
LITERALlY 'OD6H' i 
LITERALLY 'OD8H' i /I  USART I)/ 
LITERALLY 'ODAH' i 
/t PROGRMMBLE INTERVAL TIHER */ 
/I 110 STATUS FLAGS I)/ 
I 
t 
I 35 1 DECLARE RXRDY f LITERALLY 'SHL(IIIWT(USFLAG) 11)' i 
I 
I 34 1 DECLARE TXRDY 1 LITERALLY ' IWUT(USFLAG) ' i 
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3 7 1  
38 1 
39 1 
4 0 1  
41 1 
42 1 
43 1 
44 1 
45 1 
46 1 
47 1 
4 8 1  
49 1 
5 0 1  
51 1 
52 1 
53 1 
54 1 
5 5 1  
5 6 1  
57 1 
58 1 
59 1 
60 1 
61 1 
62 1 
6 3 1  
64 1 
65 1 
6 6 1  
67 1 
6 8 1  
69 1 
70 1 
71 1 
72 1 
7 3 1  
74 1 
75 1 
76 1 
77 1 
78 1 
79 1 
80 1 
81 1 
82 1 
83 1 
84 1 
8 5 1  
86 1 
87 1 
##rlRE U L  LITERALLY '000" i 
DECLARE CNTLSB LITERALLY '002" i 
DECLARE CNTLSC LITERALLY '003" i 
D E W  BEL LITERALLY '007H' i 
DECLARE BS LITERALLY 'OOEH' i 
DECLARE LF L I W Y  '0" i 
DECLARE CR L I T W Y  'OODH' i 
DECLARE CNTLM LITERALLY 'OllH' i 
DECLARE CNTLSR LITERALLY '012" i 
DECLARE CNTLSS LITERALLY '013" i 
DECLARE ESC LITERALLY ' O W  i 
DECLARE SPACE LITERALLY '020" i 
DECLARE RUB LITERALLY '07FH' i 
DECLARE JOnIlkE LITERALLY 'JOBS)IODE=O' i 
DECLARE JOBSSETW LITERALLY fJOB(rmbE=l' i 
BECIARE JOBSRUN LITERALLY 'JOB)I(ODE=2' i 
DECLARE CRMRSLF 
DECLARE EXITIsETUP LITERALLY ' (JOBSSETUP AND KEY.CnTL%CC) ' i 
DECLARE TRUE LITERALLY 'OFF" i 
DECIARE FALSE LITERALLY '0' i 
ltECLARE FOREVER 
LITERALLY 'u(EY=CR OR KEY=LF)' i 
LITERALLY 'WHILE TRUE' i 
DECLARE INTSCWNTER (8) DNORD EXTERNAL i /a I I ILTIWS I#TERRUPT TALLY COWERS it/ 
DECLARE YUICWlWTER 
DECLARE U M S C W W T E R  DWRD EXTERNAL i /I REMINING RUPT TYPES SHllRE COulTER it/ 
DllORD EXTERML i /a DEADHAM T IMR INTERRUPT CWWTER f/ 
DECLARE BTOSFLA6 BYTE EXTERNAL i /a BUS TIHEOUT FLM (I/ 
MUME IIEnSPTR POINTER i 
DECLARE BYTESDATA 
KCLARE WORMDATA 
IUXME DWORDSDATA 
rmARE POINTERSDATA BASED M P T R  POINTER i 
DECLARE NTNShUE BYTE i 
DECLARE URDSSAVE HORD i 
DEWLRE DWORDSSAVE DHMD i 
DECLARE POINTERSSAVE POINTER i 
DECULRE PR STRUCTURE (OFFSET WRIb SEG WORD) AT ME"1R) i 
DECLARE SEHENT LITERALLY 'PTR.SEGf i /a W Y  AbbREsS SEGIIEMT it/ 
DECLARE FROHSADDR HORD AT (MHSPTR) i /a BLOCK START ADDR it/ 
DECLARE INCREENT WORD i / i t  FROIWBR STEP SIZE a/ 
BASED MElSPTR BYTE J 
BASED lEmPTR llMuL i 
BASED IIEMSPTR DHORD i 
DECLARE BATASTYPE BYTE i /a 'VI ' W ' j  'D'j Oa 'P' a/ 
DECLARE HUOBWORD DllORD 1 /a EETHU WTWT a/ 
DECLARE HEXSWORD IIORB AT (eHEXSDWD) i /a LMKR 16 BITS OF HEXSDHORD a/ 
DECLARE HEXSBYTE BYTE AT ("MIDWORD) i /a LOIlEWlOST 8 BITS OF HEXSDIm R/ 
DECLARE FILLER%HORI I#R) AT (CILLERSDNORD) i / i t  LOlER 16 BITS a/ 
DECLARE FILLERSBYTE BYTE AT (eFILLERSBWORD) i /a LOWERllOST 8 BITS a/ 
DECLARE FILLERSDIIORD W R D  i /a FILLER V U  f/ 
BECWE TOWDR 
DECLARE KEY 
DECLARE CHBUF (64) 
DECLARE NCHAR 
DECLARE CHDSSAVE 
MCURE USARTSINITSBYTE 
HORD i / i t  BLOCK STOP ADDR a/ 
BYTE W R I C  i /a LAST OPERATOR KEYSTROKE */ 
BYTE i / i t  'KEYSIN' CMRCTER BUFFER f/ 
BYTE i /a I CHAR I N  CHBUF a/ 
BYTE 1 /a C 0 " D  SAVE E/ 
BYTE i ' i t  W R T  MODE INSTRUCTION BYTE a/ 
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B B 1  
89 1 
90 1 
91 1 
92 1 
93 1 
94 1 
95 1 
96 1 
97 1 
9 8 1  
99 1 
100 1 
101 1 
102 1 
103 2 
104 2 
105 2 
106 2 
107 2 
I 108 2 
109 1 
110 2 
I 111 2 
112 3 
113 3 
114 3 
115 3 
116 2 
117 1 
118 2 
119 2 
121 3 
122 3 
123 3 
124 3 
125 2 
126 2 
127 2 
128 3 
129 3 
130 3 
131 4 
132 4 
133 4 
134 3 
135 2 
136 2 
137 2 
138 2 
139 2 
, 120 2 
DECLARE WTPUTSDISABLED BYTE i /a SCREEN OUTPUT CONTROL a/ 
DECLARE JOBSBUFFERSPTR POINTER i /a POINTER TO CURRENT JOB BUFFER 11 
DECLARE JOBSBUFFER BASED JOBSBUFFERSPTR (1280) BYTE i /a CURRENT JOB BUFFER a/ 
DECLARE JOBWFFERSIMEX lloRD i /a INDEX TO EX1 CHAR I N  CURRENT JOB BUFFER a/ 
DECLARE JOBSHODE BYTE i /I! O=IDLE 1:SETUP 2=RM 3=EBIT a/ 
gLcLARE FILESDECM BYTE i /a 0 THwl 9 a/ 
ECIM FILESNUHBER 
DECLARE FJESWIFFER (1280) BYTE i /a USED BY FILE LOADER COMrWrS 0-9 a/ 
DECLARE EDITSFILEWHBER BYTE i /a MTCHIP FILE NUMBER (=E5 I F  NOT) a/ 
DECLARE EDITSBUFFER (1280) BYTE PUNIC i /I USED BY JE Comrw, a/ 
D E C M  I T U S I N D M  (128) HORD i /a EDIT BUFFER ITEH INDEXES I/ 
DECIARE M I E N  BYTE i I* "BER of ITEMS I N  EDIT BUFFER t/ 
WeURE Koch' 
DECLARE f f i C I I  (16) DYTE DATA ('0123456789ABCDEF') i 
BYTE i /a 0 THRU 99 i /  
(64) BYTE i /a BUBBLE MHORY T E "  SteRlyR I/ 
ERASESEDITSBUFFERt PROCEDURE i 
CALL SETB(O,eEDITSBUFFER,1280) i 
EDITSBUFFER(64) = OFFH i 
ITEnSINDEX(0) = 64 i 
ED1TKILEUN)IBER = 255 i 
NITEM = o  i 
END; 
GENERATESITEM%IHDEXES: PROCEDUREI /a SET UP ITEHSIIIW( ARRAY I/ 
CALL SETL1(64t~ITa(SI l (DEXO i 
DO NITulS = 0 TO 127 i 
I F  UIT%#IFFER(ITEmIl(DEX(NITMS)+l) = 0 THEN 
ITEHSINDEX (NITUIStl) = I T E H S I M X  (HI TEHS) 
EMD i 
/a END OF BUFFER I/ 
RETURN i 
+ FI I IDB(~EDITSBWFER( ITEHSINDU(~NIT~)~~)~OFFHJ~~BO)  + 1 i 
END i 
LOADSJOB: PRllCEbllRE i 
I#cwIE FILE BYTE, I M U D  I 
IF  JOBSETUP THEN /a ILLEGAL REQUEST a/ 
DO i 
JOBSBWFWINDEX = JOBSBWFERSINDEX - 2 i 
CALL IUEGUCHD i 
RETURN i 
END i 
FILE = 10aFILESMCADE t (KEY 1110 OFH) i 
I F  FILE$"BER 0 FILE THEN 
M i  
FILEWHDER = FILE i 
I F  MOT R€ADS251(20~20~FILEteFILESBUFFER) T E N  
DO i 
FILESNUMBER = 255 i 
RETURN i 
END i 
END i 
CALL tlRITE(e('Job file t t O ) )  i 
CALL CO(ASCI1 (FILESKCAM) ) i 
CAU CO(KEY) i 
I F  FILESBUFFER(65) 0 0 TEN 
DO i 
PUH-86 C W I L E R  MWWRF XAlDS MINTEHAHCE PROCESSOR P R O ”  14 JAN 1987 01/14/87 10:16:49 PA6E 4 
140 3 
141 3 
142 3 
143 3 
144 3 
145 3 
146 2 
147 2 
148 1 
149 2 
150 2 
152 2 
153 3 
1% 3 
155 2 
1% 2 
157 2 
158 1 
159 2 
160 2 
161 3 
162 3 
163 3 
164 3 
165 3 
166 3 
167 3 
168 3 
169 3 
170 3 
171 3 
172 3 
173 3 
174 3 
17s 3 
176 3 
177 3 
178 3 
179 3 
180 3 
181 3 
182 3 
183 3 
184 3 
185 3 
186 3 
187 3 
188 3 
189 3 
190 3 
191 3 
192 3 
193 3 
194 2 
CO: PROCEDURE (CHAR) i 
DECLARE CHAR BYTE i 
IF OUTPUT%DISABLED THEN RETURN i 
/* OUTPUT ASCII CHARACTER TO TEWlIllK +/ 
Do MILE HOT TXRDY i 
CALL PRIWTERISERUICE i 
END; 
WrPUT(USDATA) = M#R f 
CALL PRINTERCBWFER(CHAR) i 
END i 
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195 2 
196 2 
197 2 
198 1 
199 2 
200 2 
201 3 
202 3 
203 2 
204 1 
205 2 
206 2 
201 1 
20E 2 
209 2 
210 3 
211 3 
212 2 
213 2 
214 1 
215 2 
216 2 
217 3 
219 3 
220 3 
221 2 
222 1 
223 2 
225 2 
227 2 
228 2 
2 2 9 2  
230 1 
231 2 
232 2 
233 2 
234 2 
235 2 
236 2 
237 1 
238 2 
239 2 
240 2 
241 1 
242 2 
243 2 
244 t 
22 
CALL NRITE(P(’(RUB)’rO)) i 
CALL CO(KEY) i 
ELSE 
END; 
MI( I PROCEDURE (N) i 
DECLARE (Mi11 BYTE i 
DO I = 1 TO I f 
CALL CO(sPAcE) i 
m i  
/a SEND SPACE CHARACTERS TO T fRMWL a/ 
END i 
BEEPS PRBeEDUREi 
CALL COOEL) i 
END i 
/* SEND (BEL) CHARACTER TO TERHIWAL a/ 
PURGESJOBSENTRY: PROCEDURE i 
I F  JOB$SSETUP MDI 
DO MILE JOWBUFFER (JOWBIJFFERSIWWO ( NFFH i 
JOB$BWFERSINDEX = JOBSBWFERMDEX - 1 i 
END i 
JOB%B~FER(JOB$BUFFER$INDEX~l) = 0 i 
END i 
WRITE: PROCEDURE (STRINGSPTR) PUBUC i 
DECLARE STRINGSPTR POINTERi Slum BASED STRIWPTR (65535) BYTE) 1 LtORb J 
/* WRITE HEW STRING TO T E R I I I W  a/ 
w I = 0 TO 65535 i 
I F  STRING(1) = 0 THEN R E T W  i 
END1 
CALL CO(STRING(I)) i 
END i 
ILLEWfCIID: PROCEDURE; 
I F  KEY 0 CNTLSC THEN CALL BEEP i 
I F  KEY ) SPACE AND KEY ( RW l” CALL CO(KEY) i 
ELSE CALL CO(W i 
MU HRITE(e(’ i I  ledal corrand’,O)) i 
END i 
/* COHHAND KEY I N  ERROR a/ 
BTO: PROCEDURE BYTE; 
I F  NOT BTOSFLAG THEN 
RETURN FALSE i 
CW WRITE(P(bEb’ BTO’rO)) i 
BTO1FLA6 = F U E  i 
RETURN TRUE i 
END i 
/f MS THERE BEEN A BUS TI#-OUT ? */ 
CRSLF: PR#TWK i /t SEND CR 1. LF TO TERHJNAL */ 
CALL CO(ODH1 i 
CALL CO(0AH) i 
END i 
TOITERnINATE : PROCEDURE i 
CALL WRITE(C(’To terminate) mess (ESC).’tO)) i 
mi 
HEX1: PROCEDURE (VU WBLJC i /* DISPLAY L M R  NIBBLE OF BYTE AS 1 Nx CHAR */ 
, 
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215 2 
244 2 
247 2 
248 1 
249 2 
250 2 
251 2 
252 2 
253 1 
254 2 
255 2 
2 5 6 2  
2 5 7 2  
2 5 8 1  
259 2 
260 2 
241 2 
262 2 
263 1 
2 M  2 
265 2 
266 2 
2 6 7 2  
2 6 8 2  
269 1 
270 2 
271 2 
272 2 
273 2 
274 2 
2 7 5 2  
276 2 
277 2 
278 2 
2 7 9 2  
280 1 
281 2 
282 2 
2 8 3 2  
284 2 
285 2 
2 8 6 2  
207 1 
288 2 
289 2 
290 2 
291 2 
292 2 
293 2 
294 2 
DECLARE VAL BYTE i 
CALL CO(ASCII(VIY AllD OFH)) i 
END i 
HEX2: PROCEDURE (VAL) WKIC i /t DISPLAY BYTE 1Is 2 HEX CHARS a/ 
DECLARE VAL BYTE i 
CALL HO(l(sHR(UALt4)) i 
CML HExl(VAL) i 
m i  
SPACER! ?MEW€; 
CUL K#K(l)i 
I F  ( FROHMDBR Iy8 03H 1 = 0 THEN 
IF ( FROHMDDR AllD OM 1 = 0 THEN 
UID i 
/* PERFORH HEX DISPLAY LINE SPKIN6 */ 
/t EACH BYTE GETS OIL M tl 
/I E E R Y  4 BYTES ONE MORE @/ 
/I EERY 8 BYTES WIE HORE @/ 
C K L  BLMK(1) i 
CKL W ( 1 )  i 
23 
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295 2 
296 1 
297 2 
298 2 
299 2 
300 2 
301 3 
302 3 
303 3 
304 4 
305 4 
306 4 
307 4 
308 4 
309 4 
310 4 
311 3 
312 2 
313 2 
314 2 
315 3 
316 5 
317 3 
318 2 
319 2 
320 1 
321 2 
3 2 2 2  
323 3 
324 3 
325 4 
326 4 
327 4 
328 4 
329 3 
330 3 
331 3 
332 3 
333 5 
334 3 
335 4 
334 4 
337 4 
338 3 
339 3 
340 2 
341 3 
342 3 
343 3 
344 3 
346 3 
24 
END i 
OPERI)TORMBORT: PROCEDURE BYTE; 
I F  KEYzESC THEN 
GO TO GOTSESC i 
ELSE I F  KEY=CNTLSS THEN 
BO FOREVER i 
CALL PRINTERSSERVICE i 
I F  RXRBY THEN 
DO i 
KEY = IWUT(USDATA) i 
CALL PRINTERSSWSHOT i 
IF KEY=ESC THEN 
GO TO GOTSESC i 
I F  KEY4NTLM THEN 
RETURN FKSE f 
END i 
END i 
RETWW FALSE i 
ELSE 
GOTKSC : 
IF JOBSRUN THEN 
DO i 
CALL HRITE(@(CRtLFt’Job aborted’tO)) i 
JOPSIDLE i 
M i  
RETURN TRUE i 
END i 
/I OPERATOR CoIITR# KEY CHECK a/ 
/a ESC a/ 
/a OPERATOR PAUSE n/ 
/a PROCEED a/ 
KEYCCAPTURED: PROCEDURE BYTE i 
I F  J0B)RU)I THEN 
/a GRAB KEYIN I F  MIMUBE a/ 
/II E T  KEY FRIM JOB BUFFER a/ 
If CHECK FOR OPERATOR INTERVENTION f/ 
DO i 
I F  RXRDY THEN 
BO i 
KEV = IMPUT(USDATA) i 
I F  OPERATORMBORT T H M  
RETURN TRUE i 
END; 
AGAIN! 
KEY * JOBSBUFFER(JOBSBUFFERS1ND~) i 
JOBSBUFFWINDEX = JOBSBUFFERSINDEX + 1 I 
I F  KEY = OFFH THEM 
80 TO AGAIN i 
I F  KEY=WLL THEN 
Do; 
K E Y = C R i  
JOBSIDLE i 
END i 
RETURN TRUE i 
END i 
DO i 
I F  NOT RXRDY THEN 
RETURN FALSE i 
KEY = INPUT(USDATA1 i 
I F  KEY 0 1OH THEN RETURN TRUE i 
CALL PRINTERSSNAPSHOT i 
/a END OF LINE - FETCH MOTHER CHAR a/ 
/n END OF lUFFER *I 
ELSE /a GET KEYBOARD INPUT IF WAITING a/ 
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347 3 
34E 3 
319 2 
3 5 0 1  
351 2 
352 2 
3 3 3 2  
354 2 
355 2 
356 2 
m 2  
3 5 8 2  
359 2 
360 1 
361 2 
362 3 
3 6 3 3  
3 b 4 2  
3 6 5 2  
366 3 
367 3 
5 6 8 4  
369 4 
370 4 
371 3 
372 2 
373 1 
374 2 
375 2 
376 3 
377 3 
378 4 
379 4 
a 0 4  
381 4 
382 3 
3 8 3 3  
304 3 
3 6 2  
3 8 6 1  
387 2 
388 2 
3 8 9 2  
390 3 
391 3 
392 3 
373 3 
394 3 
395 3 
396 2 
397 1 
RETURN FKSE i 
m i  
a8J 
I F  
M MILE NOT KEYWTUREQ i 
CU PRIWTER$SERVICE i 
END; 
JOBSSETUP THEN 
m i  
I F  KEY 0 C N M C  nOr 
/I PUT KEY III MfFER I/ 
Do; 
JOBIBUFFER(JOP)WERSINDEX) = KEY i 
JOMBUFFEMINDEX = JOMWFFERSIHDEX + 1 i 
m i  
END i 
ETSAWOTHERSKEY: PRo#IIIRE BYTE; /@ MI1 UP TO 1 SEWND FOR KEYIN f/ 
25 
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398 2 
399 2 
400 3 
401 3 
402 3 
403 3 
404 2 
405 2 
406 1 
407 2 
400 2 
409 2 
410 3 
411 3 
412 3 
413 3 
414 3 
415 3 
416 2 
417 1 
410 2 
419 3 
420 3 
121 2 
422 1 
423 2 
424 2 
425 2 
426 2 
427 2 
420 3 
429 3 
430 3 
431 3 
432 2 
433 2 
434 1 
435 2 
436 2 
437 2 
438 1 
459 2 
26 
DECLARE I BYTE i 
Ba I = 1 TO 100 i 
I F  KEYCCAPTURED THEM 
RETURN TRUE i 
cnUTIK(100) i /a 10 HILLISECOWD PAUSE f/ 
m i  
RETURN FALSE i 
END i 
/a TInEOUT fi/ 
/f 'RUBWT' DELETES HOST RECENT ADDITION TO CHW I/ 
/a BEEP I s  SOUNDED I F  CHBUF ALREADY EMPTY W WARACTERS a/ 
R W I  PROCEDURE i 
I F  "AR = 0 THEN 
C A U  BEEP i 
ELSE 
Bo; 
II#1ILR.lmnR-li 
CHBUF(NCH6R) = 0 i 
I F  A#SETUP THEN 
CALL IIRITE(N8rSPACEiBS10)) i 
m i  
JOBCBUFFERSINDEX = JOBIWlFFERCINDEX - 1 i 
M i  
ERASE: PROCEDURE1 
DO WHILE WCHAR ) 0 I 
CKL RUBOUT i 
END i 
/t WTY OUT c"lF f/ 
END i 
/a PURGE CHWF OF FAULTY INPUT */ FUISH: PROCEDURE i 
CALL BEEP i 
I F  NCHAR = 0 THEN 
RETURN i 
KEY = 0 i 
DO WHILE KEYOESC AND KEYORUB f 
CALL C I  i 
I F  AMSETUP THEN 
M i  
CAUERmi 
m i  
JOBSBWFERCINDEX = JOBSBUFFERIINDEX - 1 i 
CAPITAUZECKEY: PROCEDURE i 
I F  KEY )= 'aY AND KEY (= ' 2 '  THEN 
M i  
KEY = KEY - 20H i 
/a 'KEYSIN' ROUTIE PLACES OPERATOR KEYBOARD INPUT STRIWG I N  CW. 
63 = NUMBER OF CHARACTERS ALLONED. )(CHAR = ACTUAL " U E R  RECEIVE#. 
I F  ESCAPE KEY PRESSED WITH "AR 
OTHERNISEY ESC KEY PURGES PREVIOUS STRIWG Aw ROUTINE STARTS OVER. 
0 Y A FALSE RETURN S T M I S  IS SET. 
I)/ 
KEYSIN: PROCEDURE BYTE; 
CALL SETB(OreCHBUFr64) i 
/I) GET OPERATOR ENTRY 
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4 4 0 2  
442 3 
143 3 
444 3 
44s 3 
446 3 
147 4 
448 4 
449 I 
450 4 
41  4 
452 I 
4s 3 
454 3 
455 3 
456 3 
457 4 
458 4 
459 4 
460 4 
461 3 
462 4 
463 4 
464 4 
465 4 
446 4 
467 3 
468 2 
UP 2 
470 2 
471 1 
472 2 
473 2 
474 1 
4 7 5 1  
476 2 
477 2 
473 2 
4 8 0 2  
&b4 E 
481 1 
482 2 
483 2 
404 3 
406 3 
W = O i  
WI WHILE llulAR ( 64 i 
Ew C I  i 
I F  EXITSSETUP l" 
RETWW FALSE I 
I F  KEY- THEN 
M i  
I F  NCHAR = 0 THEN 
RETURN FALSE i 
I F  JOBSSETUP THul 
JOBSWFFERWDEX = JOnWFFERSINDEX - 1 i 
CALL E R f i  i 
E W I  
USE IF CRSORSLF M N  
REflwlmi 
ELSE IF (KEY = RUB OR KEY = BS) THEN 
M i  
IF JOBSSETUP THEN 
JOBSBUFFERSIMDEX a JOBSBUFFERSINDEX - 1 i 
/+ ECHO I T  +/ 
/+ REHOVE PARITY BIT (I/ 
/t STRIM TWI LONG t/ 
/+ CONVERT ASCII EX KEY TO VALUE +/ 
LEGIKSDECADE: PROCEBURE t C M )  BYTE; 
DECURE CHAR BYTE f 
/+ 'BETIEX' ROUTINE ACCEPTS FROH 1 TO 8 HEXADECIHM KEYS FRW OPERATOR. 
THE ~com VAU~E IS MITTEN TO THE  TIO ON HEXSWRD. THE ARGUIIEIIT 
IE usu TO DETERMINE WHETHER BYTE) mf OR DWRD VALE IS USED. 
SPECIFIES THE MXIllUH NUHBER OF DIGITS AUOWED ("MI). WCHAR HILL LATER 
SF AN ILLEBAL BI6ST I S  ENTEREDr OR MRE THAN THE ALLOWED "DER C B161TS 
ARE ENTERED) A BEEP SOUWS AND OPERhTOR NUST REPEAT ENTRY. AN ESCAPE KEY 
RETURNS A FALSE M. iV 
BETWl PROCENlRE (NII I IAX) BYTE i 
DECLARE (HIWdMX,I) BYTE i 
DO FOREVER i 
I F  NOT KEYSIW T#w RETURN FALSE i 
w I a 0 TO 63 i 
27 
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407 4 
488 4 
409 4 
490 3 
491 3 
492 4 
493 4 
494 I 
495 5 
496 5 
497 5 
490 5 
499 4 
504 4 
501 3 
502 3 
503 3 
504 3 
5 0 5 2  
506 1 
507 2 
508 2 
5 0 9 2  
511 2 
512 2 
513 2 
514 2 
51s 2 
516 2 
517 1 
518 2 
519 2 
520 2 
521 2 
522 2 
523 2 
524 2 
525 2 
526 2 
527 1 
528 2 
529 2 
530 2 
531 2 
532 2 
533 2 
354 2 
535 2 
536 1 
537 2 
28 
I F  CHBUF(1) )= 'a' AI0 W(I) (= f z f  THEN /t MUST CAPITlVIZE i /  
END i 
Do; 
HEXWORD = 0 i 
I F  IIcHI\R ) 0 THEN 
CHBUF(1) CHBUF(1) - 20H i 
I F  WAR )= HIM M D  NCHAR (= MX THEN 
DO I = 0 TO ICMR-1 i 
I F  HU(~YSUALUE(CHBUF(1)) ) 15 THEN 
60 TB MBSKEY i 
HMSD"tD = 16tHEXSDIIOR) 
END i 
RETURN TRUE i 
END; 
BADIKEYi 
CALL FLUSH i 
I F  JOBSSETUP T" 
END i 
+ DOUBLE(W)UBLE(HEX%KEYIVIILUE(CHBUF (1)) 11 
/t NEED TO PURGE (cr) Ksti t/ 
JOBSBWFERSINDEX JOBSBUFFER$IHBEX - 1 i 
END i 
WIKIIQRYMDES: PROCEDURE (ADDR) BYTE i 
DECLARE ABM WORD, ABS DMRD i 
ABS = SHL(IUBLE(SEGNENT)r4) + BWBLE(ADDR) i 
I F  ABS ) 1FFM AND ABS ( OFCOOOH TEN RETURN T R K  i 
CAU WRITE(@(CR,IF'BUIfRestrict~ rmori addresses : ' t o ) )  i 
IF ADS ( 2000H THEN 
USE 
RETURN FALSE i 
END i 
CALL WaITE(@('OOOOH thru lFFFHf,O)) i 
CALL HRITE(@(fOFCOOOH thru OFFFFFH'JO)) i 
IRnABR: PROCEDURE (ADDRSPTR) BYTE i 
DECLARE A b W T R  POINTER, ADDR DAW ADllRIpTR lwwu 1 
CALL WRITEWf 8eeU)ry oddr ' 1 0 ) )  i 
I F  NOT GETHEX(lr4) TIEN 
RETURN FALSE i 
I F  MOT LEBKSHENURYSADDRESS(HXSN0RD) THE# 
RETURN FALSE 1 
AQDR z HEXSWORD i 
RETURN TRUE i 
END 
/I GET " O R Y  ADDRESS t/ 
FRQMSTO: PROEMRE BYTE; 
CALL WRITE(@(' from't0)) i 
I F  NOT ~ADR(eFRO~$ADDR) TIEM 
CALL WRITE(@(' to'd)) i 
I F  NOT "ADR(CT0SADDR) THEN 
RETURN TRUE i 
END i 
R E T W  FALSE i 
RETURN FALSE i 
LEGALSIOPORTI PROCEDURE (PORT) BYTE i 
DECLARE WRT WORD i 
/* GET OPERbTOR 'FRON' & 'TO' ENTRIES t/ 
5 5 8 2  
540 2 
541 2 
542 2 
543 1 
544 2 
545 2 
546 2 
547 2 
5 1 8 1  
549 2 
550 2 
551 2 
552 2 
553 2 
554 2 
5 5 5 2  
m 2  
557 2 
m 1  
559 2 
540 2 
561 2 
562 2 
5 6 3 2  
5 b 4 1  
565 2 
5 6 6 2  
567 2 
5 6 8 2  
569 2 
570 2 
571 2 
572 2 
573 2 
574 2 
575 2 
574 2 
sn 2 
m 2  
579 2 
m 2  
581 2 
5 8 2 2  
s a 3 2  
584 1 
5 8 5 2  
506 2 
se7 2 
s B B 2  
5 8 1 2  
I F  PORT ( 8OH OR PORT ) ODFH THEN R€M TRUE i 
CALL WRI~O(CRILF,Bn,’Rwtrictcd YO rorts : 00OH thru ODFH’IO)) i 
R E l ”  FALSE i 
m i  
LEWSIOCFROmTO: PROCEDURE BYTE i 
I F  FROHMDDR ( 8oH MI TOSADDR ) ODFH THE1 
RETURN LEGALSIffORT(00H) i 
RETURN TRUE i 
END 1 
mar PROCEDURE i 
DECIARE BMDSRATESPTR POIllTERi I BYTE i 
lEBIn 1 
WTPLlT(PP1FLG) = BAH i 
wTPUT(PITH0D) = Ol l lO l lOB i 
OUTPUT(PIT1) = OFFH i 
WTPUT(PIT1) = OFFH i 
/t SET UP PMALEL PORT FOR LEE */ 
/ i  CTR 11 2 BYTES, NODE 3t MMRY 41 
/I) SET UP T I E R  1 FOR LED W */ 
29 
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2 
2 
2 
3 
3 
5% 3 
596 3 
597 2 
598 2 
599 2 
600 3 
601 3 
602 3 
603 2 
604 2 
605 3 
606 5 
607 3 
608 3 
609 2 
610 2 
611 3 
612 5 
613 3 
614 3 
615 2 
616 2 
617 3 
618 3 
dl9 3 
620 3 
621 2 
622 2 
b w 2  
624 2 
625 2 
626 2 
627 3 
628 3 
629 3 
630 2 
631 2 
632 3 
633 3 
634 3 
635 3 
634 2 
637 2 
638 3 
639 3 
640 3 
641 3 
642 2 
643 2 
644 3 
645 3 
30 
CAU LOADSTIIIERS2(4) 1 /+ 19.2 K BAUD fi/ 
CALL USARTSIHIT(01011110B)i /I! 1 STOP BIT, 8 CMR BITS, Xl6 fi/ 
DO MILE tUJT KEYSCAPTURED i 
OUTPUT(PITII0D) = 4OH i 
I = IWT(PIT1) i /fi THRM MY LSI +/ 
/n FLASH LED USING HOST SIGNIFICANT BIT OF TIHER 1 f/ 
WTWT(PPIC) = ( SHR(IIWI(PIT1)A) AND 08H 1 OR OlH i 
END i 
/+ CTR 1 LATCH I/ 
OUTPUT(PP1C) = OlH i 
I F  (KEY AND 7FH) = ’U’ THEN 
/+ NWI ON LED +/ 
Bo; 
GO TO RlREKA i 
END i 
I F  RET a 66H THEM 
DO i 
CALL LOADSTIMERS2(8) i 
6 0 T O E U R E K A i  
END i 
IF KEY = 78H THEll 
DO; 
CALL LIWUHTIHERS2(16) i 
BIMIDSABTEWTR = @(’4800’10) i 
WTOEuREKni 
END; 
IF KEY = 8OH THEN 
DO i 
CALL LOAMTI)W(2(32) i 
WSRATESPTR = @(’2400’,0) i 
6 0 T O ~ i  
m i  
B M D W E S P T R  = e(”ioo’,o) i 
Bnwnnwm = e( ’9600’~o)  i 
CAU LOAMTIIYR$2(16) i /n 1200 BAUD fi/ 
CALL USARTSINIT~0101111lBI i 
IF NOT ETSANOTHERSKEY THEN 
I F  (KEY IWD 7FH) = ’U’ THEN 
/I 1 STOP BIT, 8 CHAR BITS, X64 fi/ 
60 TO m1n i 
DO i 
BAUBIATEWTR = e c u o w  i 
60 TO mn i 
END i 
DO i 
ClKL LOADCTIMERS2(32) i 
GO TO EUREKA i 
END i 
IF KEY = 78H THEN 
DO i 
C U  LMBSTItlERC2(64) i 
BAUDSRATESPTR = @1’300’10) i 
END i 
DO i 
CALL LOADSTItlERS2(128) i 
IF KEY = 66H THEN 
BAUDMATEWTR = e(’600’~o) i 
GO TO mm i 
IF KEY = BOH THEN 
BAUDSRRPITEITR = e ( ’ i 5 0 ’ ~ o )  i
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646 5 
647 3 
640 2 
649 2 
650 2 
651 2 
652 2 
653 2 
654 2 
655 2 
656 2 
657 2 
658 2 
659 2 
660 1 
661 2 
662 2 
6 4 3 2  
661 2 
6 6 5 2  
w b 2  
667 3 
6 6 8 3  
669 3 
670 3 
671 3 
672 3 
673 2 
674 2 
675 3 
676 4 
677 4 
678 4 
679 4 
$80 3 
681 3 
682 3 
4 8 3 3  
684 3 
685 3 
686 2 
687 2 
6 8 8 2  
6 6 9 2  
690 3 
691 3 
692 3 
693 3 
694 3 
El i c I  EUREKA i 
END i 
CML LOAMTIHERS2(175) i 
CAU WT$JNIT(11011011B) i 
I F  NOT GETSAWOTHERSKEY THEN 
IF (KEY AND 7FH) = ’U’ THEN 
ELSE GO TO BEGIN i 
/a 110 BAUD a/ 
/a 2 STOP BIT% 7 CHAR BITS, X64 a/ 
GO TO BEGIN i 
BMDSRATESPTR = @(’llO’,O) i 
EUREKA : 
CALL USARTIINJT(USMTSINITWTE AND CBHIi /* FIML SET-UP (7 DIT CHAR) I)/ 
CALL L(RITEt@(’U’lCRlLF’U’’Bwd r a t e  = ’ t o ) )  i 
CALL WRITE (BhUDSRATESPTR) i 
CALL CRUF i 
m i  
/I PRINT MUD RATE MI SCREEN */ 
HSCHD: PROCEDURE ; 
DECLARE (SEO(SAVErF~SAVErT0SSAVErTE~P) WRDi (TYPESSAUEII) BYTE i 
I F  JOBMRLDI THEN 
PTR.SEG = SEMEN1 i 
REPEAT : 
w KEY = SPACE THEN 
/* HEtwRY COnnAWD It/ 
WTPUTSDISABLED = TRUE i 
M i  
SBHEl!T = SEGSSAVE i 
FR0W)IIDDR = FRWSAM i 
TOMDDR = TOSSAWE i 
DATASTYPE = TYPESSAVE i 
GO TO HRCHDO i 
END i 
CALL HRJTE(@(‘HeMrr ‘ j 0 ) )  i 
M CASE KEY%CASE(@(6i‘ RFSH’iESC)) i 
Do; 
CALL LiRITE(@(’Read ’ d )  i
CHDSSAUE = ’H’ i 
60 TO REPEAT i 
EMD i 
60 TO HRMD i 
60 TO HFCHD i 
60TO) (SCWI  
60 TO MHB i 
GO TO HWORT i 
m i  
HSnBtlRT : 
CALL PURGESJOBKHTRY i 
RETURN f 
31 
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695 3 
696 3 
697 2 
698 2 
699 2 
700 3 
701 3 
702 3 
703 3 
704 2 
70s 2 
706 2 
707 2 
708 3 
709 3 
710 3 
711 3 
712 3 
713 3 
714 2 
715 2 
716 2 
717 2 
718 3 
719 3 
720 3 
721 2 
722 2 
723 3 
724 3 
725 4 
726 4 
728 4 
729 4 
730 4 
731 3 
732 3 
733 4 
734 4 
736 4 
737 4 
738 4 
739 3 
740 3 
741 4 
742 4 
744 4 
745 4 
746 4 
747 3 
740 3 
749 4 
7 5 0 4  
32 
GO TO MMBORT i 
END i 
SATASTYPE KEY i 
I F  DATASTYPE = VI' THEN 
DO i 
CALL WRITE(!(' starting atfrO)) i 
I F  NUT WWDR(WR0MSADDR) THEN 
E N D I  
ELSE I F  WOT FROMTO THEN 
60 TO HSABORT i 
I F  JOBSIDLE THEN 
M i  
SEGSSAVE = SEGHENT i 
FRMnSAVE = FROMADDR i 
TMSAVE = TOSADDR i 
TYPESSAVE = DATASTYPE i 
END I 
GO TO HSABORT i 
CIIDSSAM = 'n' i 
MRSCMDO : 
WTPUT%DISADLEB = FALSE i 
CALL NEWSMSLIHE(f=') i 
I(R$Crnl I 
I F  BATASTYPE = 'A' THEN 
D O I  
CALL WRITE(IIEIIWR) i 
R E T W  i 
END; 
DO FOREVER i 
I F  DATASTYPE = 'E' THEN 
DO i 
BYTESSAUE = BYTESDATAI 
I F  ET0 nlur RETURN i 
CALL HEX2(BYTESSAUE) i 
INCREKNT = 1 i 
END i 
ELSE I F  DATASTYPE = ')O THEN 
M i  
WORDSSAUE = HORDSDATAI 
I F  BTO THEN RETURN i 
CALL HEX4(WORbSSAW i 
IHCREHENT = 2 i 
END i 
I F  DATASTYPE = ID' THEN 
DO i 
DWORDSSAUE = DWMU)$DATAI 
I F  BTO THEN RETURN i 
CALL HEXNDLIORMSAVE) i 
IIICREHENT = 4 i 
END i 
I F  DATMTYPE = 'P' THEN 
I = O i  
/n ASCII string ~ U D P  n/ 
/t GET " O R Y  BYTE n/ 
/n DISPLAY I T  n/ 
/I GET HEHORY WORD I/ 
/n DISPLAY I T  */ 
/a GET )IEIHlRY DHORD n/ 
/t DISPLAY I T  n/ 
M i  
POINTERSSAVE = POINTERSDATA i /I GET MMORY POINTER w/ 
I F  BTO THEN RETURN i 
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752 4 
753 4 
754 4 
755 3 
7 5 6 3  
757 3 
m 3  
759 3 
740 3 
761 3 
762 2 
763 2 
764 2 
745 2 
766 2 
767 3 
768 3 
769 3 
no 3 
771 3 
772 3 
7 7 3 2  
774 2 
776 2 
777 2 
778 2 
779 2 
1 8 0 2  
781 2 
702 2 
783 3 
784 3 
785 4 
786 4 
787 I 
788 3 
789 3 
790 4 
791 4 
792 4 
793 3 
794 4 
795 4 
796 4 
797 3 
798 3 
799 3 
800 2 
801 2 
eo2 2 
CAU mwm(p0Inm~sAvE) i /(I DISPLAY IT (11 
" T . 4 ;  
END; 
RETURN I 
I F  COMPLETE OR MOT L~LSIIEIIORYMDDRESS(FR0IMBBR) THEN 
I = I  i INCREKHT i 
I F  ( I M D O F H )  = O T "  /fi END OF LINE fi/ 
MU IKWSnR$UNE('=') i 
CALL SPACER .i 
ELSE 
m i  
IIFSCHD : 
WTPUTSBISAKU = FALSE i 
I F  JOBHUH MM 
ClKL WRITE(@('Fill uith ''0)) i 
/* FILL BLOCK OF t M 0 R Y  (I/ 
CW. I I R I T E ( I ( C R i L F ~ ' h 9  ' ~ 0 ) )  1 
W CASE K E Y S C A S E ( @ ( 5 ~ ' ~ ' ~ E S C ) )  i 
CAU HRITE(@('lbte ' t o ) )  i 
CALL URITEt@("ord ' r O ) )  1 
CAU lWITE(@(fDwrd '101) i 
cw WRIT€W'ASCII f f 0 ) )  1 
60 TO HMBORT i 
END; 
DATASTWE * KEY i 
I F  DATASTYPE = 'A' T H N  64 TO IIFASCNB i 
CW WRITE(IOVIIUR ' ~ 0 ) )  i 
I F  NOT 6ETH#(1~81 TW 
GO TO IMWIRT i 
FILLERSDWORb = HEXSDllORb i 
I F  HOT FROIISTO THEN 
80 TO HMBORT i 
/I FILL LOOP */ 
DB FOREVER i 
I F  DATASTYPE = 'B' TIEN 
mi 
BYTESMTA = FIUERSBYTE i 
IHCRWUIT = 1 i 
MB i 
ELSE I F  DATASTYPE = ' U J  THEM 
H i  
WWUHDATA = FILLERSllORB i 
INCREMENT = 2 i 
m i  
M I  
#IoRMI)ATh = FILLERSDUORD i 
INCREMENT = 4 i 
END i 
RETURN i 
USE 
I F  BTO OR COMPLETE OR HOT LEGALSMEHORYSADDRESSFWADDR) T E N  
END i 
IIFMCttD : 
I F  JOBSRM THEM 
CAU URITE(eOstrin!J starting at'10)) i 
/fi MEMORY FILL  NIlH ASCJJ S T R I P  fi/ 
WTPUTSDISABLEP = TRUE i 
33 
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803 2 
804 2 
805 2 
806 2 
807 2 
I 808 2 
809 2 
810 2 
811 2 
812 3 
813 3 
814 3 
819 4 
816 4 
817 4 
818 3 
819 3 
820 3 
821 3 
a22 2 
823 2 
82s 2 
a24 2 
826 2 
827 2 
828 2 
829 2 
836 3 
831 3 
832 4 
833 4 
834 4 
835 4 
836 4 
837 4 
838 1 
839 4 
840 1 
I 841 4 
842 4 
843 4 
844 4 
a45 4 
846 4 
047 4 
848 4 
849 4 
850 3 
I 
I F  H I T  EMDR(CFROIISADDR) THEN 
61) TO Mmfu i 
CALL WIITE(e(CRILF’ 
’String i s  uritten to BY until (esc) ~ c ~ ~ n k r e d ~ ’ d R ~ L F ~ 0 ) )  i 
WTPUTSIISAILED = FALSE i 
CALL HEX4~!4E6l!ENl) i 
CALL CO(‘:’) i 
CALL HEX4(FROIIMDDR) i 
CALL tame(’ = ’ 1 0 ) )  I 
/t SUBSTITUTION LOOP I/ 
DO FOREVER i 
CALL C I  I 
I F  KEY=NULL OR KEY=ESC OR FROHIADDR=OFFFFH THEM 
D o j  
BYTESDATA = 0 i 
RETURN i 
EM i 
IYTEfiDATA = KEY i 
FROIISADDR = FROHMDDR t 1 i 
ClKL SH0W)KEY i 
E N D I  
/4 DELIHITER */ 
IIS(CHD /t lUlORY SUBSTITUTE ROUTINE +/ 
CALL LIRITEt@(fSubstitute startind et’fO)) i 
I F  NOT “ADR(@FRMIMBDR) THEN 
60 TO H#IBORT i 
ChLL RITE(P(CRfLFt. 
’To al ter  location, enter 1 or 2 hex c h u x t e r r  f o l l o u e d  br (CR).’ 
JCRJLFIO)) i 
CALL MITE(e( ’1f  no c h a m  deriredc cmbr only (CR). ’101) i 
CALL TOUERHIMTE i 
OUTPUTSDISI\BLED = FALSE I 
/t SUBSTITUTION LOOP */ 
DO FOREVER i 
CALL CRILF i 
DO I = 1 TO 4 I 
CAUHEX4(SEI;IIUIT) i 
CAU HUO(FRDIIMDDR) i 
CALL co(’=’) i 
BYTESSAVE = BYTEIDATAI 
I F  BTO THEN 
RETURN i 
CW HEX2WTESSAVE) i /t DISPLAY I T  */ 
MU eo(’)’) i 
I F  HOT GETW((012) THEN 
RETURN i 
I F  NCHAR ) 0 THEN 
BYTECDATA = HEXSBYTE i 
FRORIADM = FROHSADDR +1 i 
I F  m)T LEGALUIU#)RY%ADDRESS(FROHSADDR) THEN 
RETURN i 
CALL BLAMK(3) i 
ED 1 
c n ~ ~  cow’) i 
/(I GET l€MRY BYTE */ 
/t PROW1 FOR SUBSTITUTION 
/a ESC EMS EXIT */ 
/t WRITE NEH BYTE TO HEMIRY f/ 
END i 
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852 2 
853 3 
854 3 
855 3 
8 5 6 3  
857 2 
8 9 1 2  
859 2 
8 6 0 2  
861 2 
862 2 
w 2  
864 2 
865 2 
8 6 6 3  
868 3 
070 3 
871 3 
873 3 
874 3 
875 2 
876 1 
877 2 
878 2 
8 8 0 2  
881 2 
8 8 2 3  
883 3 
884 3 
885 3 
886 3 
8 8 7 2  
8 8 8 2  
889 3 
8 9 0 4  
891 4 
892 4 
a93 4 
094 3 
895 3 
896 3 
897 3 
898 3 
8 9 9 2  
900 2 
901 2 
902 2 
an 2 
35 
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903 3 
904 3 
905 3 
904 3 
907 2 
908 2 
909 2 
910 2 
911 2 
912 2 
913 2 
914 2 
915 2 
916 3 
917 3 
918 3 
919 3 
920 3 
921 2 
922 2 
923 2 
924 2 
923 3 
926 3 
927 4 
928 4 
930 4 
931 4 
932 4 
933 3 
934 3 
935 4 
936 4 
938 4 
939 4 
940 4 
941 3 
942 3 
943 3 
944 3 
945 3 
946 3 
947 3 
940 2 
949 2 
950 3 
951 3 
952 3 
953 3 
954 2 
955 2 
956 2 
I F  
I F  
NOT IOPORT(@TMADDR) OR NOT LEGALSIOSFRMSTO THEN 
#I TO ISABORT i 
JOBSIBLE THEN 
BO f 
FROmSAVE = F R M W D R  i 
TOSSAVE = TOMBDR i 
TYPESSAVE = DATASTYPE i 
msAvE = ’I’ 1 
END; 
IRSCHDO : 
WTPUTSDISAKED = FALSE i 
C W  IIEW%IOSDISPLAYlLINE(’=’) i 
1 . 0 1  
DOFoaMRi  
I F  DATASTYPE = THn 
M i  
BYTESSAVE = INPUT(FRMIMDDR) i 
I F  110 THEN RETURN i 
CALL HEXZ(BYTE5SAW J /f DISPLAY I T  a/ 
INCREKNT = 1 1 
END i 
BO i 
WORDSSAVE = INHORB(FRMSADDR) i 
I F  110 MEN RETURN i 
CAU HEX4MJRDSSAUE) f /I DISPLAY I T  a/ 
INC(ERUIENT= 2 i 
END i 
RE” i 
/a GET YO PORT BYTE VAUlE i /  
ELSE I F  DATASTYPE = ‘HI THM 
/a GET I/O PORT WORD VALUE a/ 
I F  COMPLETE OR NOT LEGAlSIOPORT(FR0MMDDR) THEN 
I = I + INcREllEwT i 
IF ( I AND OFH 1 = 0 THEN 
ELSE 
E M  i 
/a END OF LINE I/ 
CALL ~ I O % B I S P L A Y K I N E ~ ’ = ’ )  i 
CALL SPACER i 
36 
PLfl-E6 WILER MSUADFRF XAIDS HAJNTMlYlCE PROCESSOR PROGRM 14 JAW 1987 01/14/87 10:16149 PA6E 20 
9 9  2 
956 2 
959 2 
960 2 
961 2 
962 2 
963 3 
96s 3 
967 3 
968 3 
970 3 
971 3 
972 2 
973 2 
974 2 
975 2 
976 2 
977 3 
978 3 
979 3 
9 8 0 3  
981 2 
902 2 
983 2 
904 2 
985 2 
906 2 
987 2 
0 8 8 2  
989 2 
9 9 0 2  
991 2 
992 2 
w3 3 
994 3 
995 4 
996 4 
997 4 
998 3 
1 9 9 4  
lo00 4 
1001 4 
lo02 3 
1003 3 
1004 3 
1005 2 
1006 1 
1087 2 
1008 2 
1009 2 
60 TO 1)ABORT i 
C A U  CRSU i 
CALL TOSTEWIIMTE i 
WnWl%DISABLED = FALSE i 
CML W I [ H D I S P U Y K I I E ( ' ) ' )  i 
DO FOREVER i 
I F  M T  GETHM(lr4) T H M  RETURN f 
I F  MTASTYPE = 'W' T H M  OUTWO#bQROMDR) = HEXIWORD i 
ELSE (WTPUT(FR0MDDR) = W(%DYTE i 
I F  1TO WEN R E T W  i 
CAU "K(11 i 
m i  
END i 
37 
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1010 2 
1011 1 
1012 2 
1013 2 
1014 2 
1015 3 
1016 3 
1017 3 
1018 3 
1019 2 
1020 2 
1021 3 
1022 3 
1023 3 
1024 3 
1025 2 
1026 2 
1027 2 
1028 2 
1029 3 
1030 3 
1031 3 
1032 4 
1033 4 
1034 4 
1035 3 
1036 3 
1037 3 
1038 3 
1039 3 
1040 3 
'HelP:JfCR'LF' 
'(u) 
'J(d) = Job decade. 
'JE = Job edit, 
'JD = Jab directory. 
'I(sP) = 110 read rcrw). 
WSP) = Hekrorr read rerun. 
'J(sr) = Job rerun. 
'(sP) = Space bar. 
'I = B or H 
' I R I  = I / O  read. 
"4 = 110 uri te. 
'IF# = I/O f i l l .  
'W = kmorr urite. 
'f 
"Rt = krorr read. 
'e 
We = l lemrg  f i l l ,  
"S = kmrr substitute. 
'R = Rwts. 
'S = Sefrent. 
0)) i 
EM i 
= Job load L run. 
= BI HI DI PI or A 
= Et Hr DI or A 
JICHD: PRocwlREi 
u = 0 Ulru 9, selects f i l e  = lOfd + U. JCRJLFJ 
d = 0 thru 91 selects decade.'lCRILFt 
V i  eus/rod i f ies/ I oads/stores job buffer. 'ICRJLF, 
Shows t i t l e s  for selected Job decade,'rCRtLF, 
Repeat current 'IR' setup. 'CRtLFt 
Repeat current 'M' setur.'dRA.Ft 
Repeat current iob buffer.'rCR'LF~ 
h e a t s  last rerun ( I(w)r n(sr)J or J(sr) ) ' J C R J L F ~  
B(rte) or H(ord), JCRILFJ 
Sets ur byte or w r d  YO port grow diwlar.JdRtLFt 
Repetitive byte or w r d  outputs t o  selected PorL'JCRILFt 
Writes byte or w r d  t o  a block o f  ror ts . tdRtLF~ 
Raretit ive byte or wrd m o r s  wites.'ICRlLFI 
B(rte)t Word), D(wrd)t P(o inkr) t  or A(SCII).'tCRtLFt 
b t S  UP byte, Wrdi dwrd, ?Dilter, Dr ASCII  ~U~P.'JCRJLF, 
B(rte)t H(ord)r D(wrd)r or A(SCII).f,CRtLFt 
Byte, wrdl dwrdr or A S C I I  s t r ing f i I i .'~CRLFI 
Byte scan/modifr.f tcRtLFt 
D i sp I ars w I t i bus interrupt counters. ' rCR'LF, 
Reloads m o r y  base refister.', 
D E W  I BYTEi INDEX HORD i 
I F  EXITISETUP THEN 
DO i 
CALL PURGEUOBIENTRY i 
CALL HRITE(P('Job ' 1 0 ) )  i 
GO TO X(MID i 
END i 
IF JOBISETUP THEH 
DO i 
JOB%BUFFERIINDEX = JOBIBWFERWDEX - 2 i 
C U  ILLEGALICHD i 
RETURN i 
END i 
CALL HRITE(e('JPb 'rO)) i 
/I REHWE 'J' COIUIAWB FRON JOB ~~ I/ 
IF KEY = SPACE THEN 
REPEAT I 
I F  KEY = SPACE THEN 
DO i 
C U  WRITE(l('file ' 1 0 ) )  i 
IF EDITWILEMMBER ( 100 T H U  
Mi 
CALL CO(ASCI1 (EDITIFILEINUHBEWlO) 1 i 
CALL CO ( A S C I I  (EDITWILEWEER INID 10) 1 i 
END i 
CALL WRITE(I('??''O)) i 
ELSE 
CALL IIRITE(C(' = "0)) i 
CALL HRITE (IEDJTIBUFFER) i 
CNDISAUE = 'J' i 
JOB$BUFFERIPTR 8 CEDITSBUFFER j 
JOBIBWFWINDEX = 64 i 
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1041 3 
1042 3 
1043 3 
1044 2 
1045 2 
1046 2 
1047 2 
1048 2 
1049 2 
1050 2 
1051 2 
1052 2 
1055 2 
1054 2 
1055 3 
1056 3 
1057 3 
1058 3 
10s 3 
1060 4 
lob1 4 
1062 4 
1063 3 
1064 3 
1065 3 
lo66 3 
1067 3 
1068 3 
1069 3 
1070 4 
1071 5 
1072 5 
1073 5 
1074 5 
1075 5 
1076 5 
1077 6 
1078 6 
1079 6 
1080 6 
1081 6 
1082 5 
1083 4 
1084 3 
1085 3 
1086 4 
1087 4 
1088 4 
1089 4 
1090 5 
1091 5 
JOBSRM i 
RETURN i 
END f 
CML HRITE(P('Job '~0)) i 
I F  KEY = 'E' THEN 
GO TO JEKHD I 
CALL CI i 
CbLL CAPITALIZESKEY i 
60 TO REPEAT i 
I F  KEY=ESC THEN 
RETURN i 
JESCIIDI 
IF EXITSSETUP OR (KEY = 'E') THEN 
DO i 
JOBSIDLE i 
CAU WRITEtP('Editor'r0)) i 
SHOHIITDIS 1 
CAU WRITE("RLFr 'Fi le = J ~ O ) )  i
I F  EDITKILEIMBER ( 100 THEN 
/* EXPECT (u)r DI E l  '(ESC), OR 0-9 */ 
IF = SPACE THEM 
/* JOB WFER EDITOR n/ 
Mi 
CALL CO(ASCI I (EPITIF ILE~EW10))  i 
CALL CO(ASCI1 (ED1TVILEI"ER M D  10)) 
EWD i 
EAU HRJTE(@('??'rO)) f 
ELSE 
CAU NRITE(@(CRkFt'Tit le = ' r 0 ) )  i 
CALL WRITE (LDITIBUFFER) i 
CW GEKRATEIITEMINDEXES i 
I F  N I T E B  = 0 WM 
ELSE 
CALL IIRITE(C(CRtLFa' 01 = ' J O ) )  i 
DO i 
DO I = 1 TO NlTUlS i 
CW IIRITE(P(CRLFt' '10)) i 
CALL HEX2(1) i 
CALL MITE(@(' = ' r o l l  i 
INDEX = ITEIISINDEX(1-1) + 1 i 
KEY = EBITSBUFFER(1NBOO i 
DO WHILE KEY 0 WFH i 
CALL SHOLISKEY i 
CALL BLANK(1) I 
INDEX = INDEX + 1 i 
KEY = EDITIBUFFER(1NDEX) i 
END i 
EWD i 
m i  
SHOHCHENU : 
CW llRITE(P(CRtLF, 
' E d i t  nenu : A h e n d )  D(elete) E(rase1 L(oad) S(ave) T ( i t l e 1  ( e s c b E x i t  "0)) i 
Do FOREVER i 
CALL CI i 
CALL CAPITALIZEMI i 
I F  KEY=ESC THEN 
D O J  
JOBIBUFFERSINDEX = 64 i 
RETURN I 
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1092 5 
1093 4 
1094 4 
1095 5 
1096 5 
1097 5 
10% 5 
1099 5 
1100 5 
1101 5 
1102 4 
1103 4 
1104 5 
1105 5 
1106 5 
1107 5 
110s 5 
1109 6 
1110 6 
1111 6 
1112 5 
1113 5 
1114 5 
1115 5 
1116 4 
1117 4 
1118 S 
1119 5 
1120 s 
1121 5 
1122 6 
1123 6 
1124 6 
1125 5 
1126 5 
1127 5 
11211 4 
1129 4 
1130 5 
1131 5 
1132 5 
1133 6 
1134 6 
1135 6 
1136 6 
1137 7 
1138 7 
1139 7 
1140 7 
1141 b 
1142 6 
1143 5 
1144 5 
1145 4 
m i  
DO i 
CALL WRITE(B(CR,LF"Arrendins to buffer - use (cntl  C) to terrinate.'IO)) i 
JOMBUFFERWTR = PUIITSBWFER i 
JOBSBUFFERSIIIDEX = ITEIISI)(W((YITEHS) i 
JOBSSETUP f 
EDITSFILEWIIBER = 255 f 
RETURN i 
ENDI 
m i  
CALL IIRITE(B(CRtLF~'Delete iter number ( i n  hex) ) ''0)) i 
IF NOT ETHEX(1,Z) THEN 
60 TO S"l"l i 
I F  HEXSBYTE = 0 OR HEXlBYTE 1 HIEM THEN 
M i  
CALL HRITE(@(BELJ' out o f  ranL''0)) i 
END i 
I F  KEY = 'II' TIEN 
ELSE IF KEY = 'D' THEW 
60 TO ~"SKIILI i
CALL ~B(eEDITSBWFER(IMnIllMX(HUOBYTE) 1 I 
e f D J T S B U F F E R ( I T M ( I ( ~ X S B ~ - l ) )  t 
1280-ITDISINDEX(HEXSBYTE) 1 i 
EDlTIFILEUUllsER = 255 i 
60 TO !#OWITEMS f 
END i 
ELSE IF KEY = 'E' THEN 
m i  
ChLL HRIlE(@(CRtLFt'Erase entire buffer ? ) ''0)) i 
IF KEY = 'Y' THEW 
CALL YESW i 
M i  
CALL ERASEEDITSBUFFER i 
GO TO SHOIISITMS i 
M i  
ED1TSFILES"BER = 255 i 
60 TO S"WMJ i 
E m f  
m i  
CALL MRITE(e(CRILFt'Lwd Job nurber (0-99 decimal) ) '10)) i 
I F  GETHEX(1,2) THEN 
ELSE I F  KEY = '1' TIEN 
DO i 
BYTESSAVE = 10 1) SHR(HEXSBY&4) i 
HEXSBYTE = BYTESSAVE + (HEXSBYTE ANB OFH) i 
IF HEXSBYTE ( 100 THEH 
/@ CONUERT TO DECIHAL f/ 
Do; 
EDITIFILESNUIIBER = HMWTE i 
IF NOT READS251 ( ~ ~ I ~ ~ @ E D I T # I L E S ~ E R ~ ~ E D I T S B W F E R )  TWI 
END i 
ClKL HRITE(@(BELj' out of ranWI0)) i 
CALL ERASESEDITSBUFFER i 
ELSE 
END i 
60 TO SHMISITEHS i 
END i 
ELSE I F  KEY = IS' THEN 
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1146 4 
1147 5 
1148 5 
1149 S 
1150 6 
1151 6 
1152 6 
1153 6 
1154 7 
1155 7 
1156 7 
1157 b 
113 b 
1159 S 
1160 5 
1161 4 
1162 4 
116s 5 
1164 5 
1165 5 
1164 6 
1167 6 
1168 6 
1169 S 
1170 5 
1171 4 
1172 4 
1173 5 
1174 2 
1175 2 
1176 3 
1177 3 
1178 3 
1179 3 
1180 3 
1181 3 
1182 3 
1183 3 
1184 2 
1185 2 
1186 3 
1187 3 
1188 3 
1189 4 
1190 4 
1191 4 
1192 4 
1193 4 
1194 4 
1195 4 
1196 4 
1197 3 
1198 2 
1199 2 
W i  
CALL HRITE(B(CRAFAwe as Job nuaber (0-99 decimal) ) "0)) i 
I F  BETHW(lr2) THEN 
DO i 
BYTESSAVE = 10 + SHR(HU(SBYTEi4) i /+ CONVERT TO DECIHAL +/ 
HEXSBYTE = BYTESSAVE + (HEXSBYTE MD OFH) i 
I F  HEXSBYTE ( 100 THEM 
DO i 
EDITC1LES"IRIIKR = HEXSBYTE i 
CALL IRITESWL (EDITSFILESNUMBER) i 
END i 
CALL HRITE(e(BELJ' out of r a n W r 0 ) )  i 
ELSE 
m i  
6 0 T O S H O W M M I i  
m i  
w i  
CALL HRITE(e(CRILFt'Enter title (63 char Bax)'dR,LF,') ''0)) i 
I F  KEYSIN THEN 
ELSE I F  KEY = 'T' THEN 
Do; 
CALL mWb(6#fBWteEDITSWFF€Rt64) i 
EDITSFILE$ULII!BER * 25!j i 
EM; 
60 TO SHWISITEHS i 
E n e i  
E L s E c A U l E E P ;  
m i  
END i 
Mi 
CALL NRITE(M'decade ' 8 0 ) )  i 
CALL CO(KEY1 i 
C U  LIRITE(I('u selected't0)) i 
FILESDECADE = HEXU(EYSUALLIE(KEY) i 
C U  HRITE(e(CRA.F~'Job '10)) i 
KEY = 'D' i 
8 0 T O X ( M U I i  /+ DIRECTORY K X T  +/ 
END i 
DO i 
C U  NRITE(e(fDirectorv for decade "0)) i 
ELSE I F  KEY )= '0' AND KEY (= '9' THEN /+ JOB D€CABE SELECT i /  
ELSE IF KEY = ' D l  THEN /t JOB DIRECTORY +/ 
CALL co (nscII (FIWBECAW 1 i 
W I = 0 TO 9 i 
CALL HR1TEtetCRiI.F~' '10)) i 
CAU CO(ASCII(F1LESDECADE)) i 
CALL COUScII(1)) i 
CAU MITE(@(' 1 ''0)) i 
I F  REAH251~1r20011FILE%DECABE*2Ir~~OCK~ THEN 
c#L NRITE(e#OCK) i 
ELSE 
RETURN i 
END i 
ELSE CALL IUEGALSCIID i 
END i 
END i 
41 
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1200 1 
1201 2 
1202 2 
1203 2 
1204 2 
1205 2 
1206 3 
1207 3 
1208 3 
1209 3 
1210 3 
1211 3 
1212 3 
1213 3 
1214 3 
1215 3 
1216 3 
1217 3 
1218 2 
1219 1 
1220 2 
1221 2 
1222 2 
1223 2 
122s 2 
1226 2 
1227 2 
1228 2 
1229 3 
1230 3 
1231 3 
1232 2 
1233 2 
1234 3 
1235 3 
1237 3 
1238 2 
1239 2 
1240 2 
1241 2 
1242 3 
1243 3 
1244 3 
1245 4 
1246 4 
124% 4 
1249 I 
1250 5 
1251 5 
1252 5 
1253 5 
1254 5 
1255 5 
42 
RSCllb: PROeEwRE i 
DECIARE COUNTERSSNAP DNORD, I BYTE i 
I F  NOT J O B W  THEN 
C U  CRKF i 
/* DISPLAY HULTIBUS INTERRUPT COUNTERS */ 
CALL HRITE(@('Rurt a c t i v i t l r  01) Lltibus',O)) i 
DO 1.0 TO 7 i 
CALL HRITE(@('INT',O)) I 
CML HEXl(1) i 
CALL (XI(':') i 
DISABLE i 
CWNTERCSW = INTSU"TER(1) i 
ENABLE i 
CML HU(4(HIGH(CWWTER$W)) i 
CALL HEX4(LOW(COUNTERCSNAPIAP)) i 
I F I = 3 T "  
ELSE 
m i  
CALL CRKF i 
CALL BW(S) i 
END; 
BAEKUPI PRDEUwlRE i 
DECLARE (I,JIINDEX) HURD i 
C W  HRITE(8('Backw currat files ? ) ' t o ) )  i 
CALL YESSNO i 
IF KEY 0 'Y' THEN RETURN i 
CU WRITE(@(' A l l  decades ? ) ' A ) )  i 
C U  YESSNO i 
IF KEY = 'Yr THEN 
M i  
CUL HOVB(eASCIIie#IBUF~lO) i 
" A R = I O I  
m i  
DO i 
CALL MITE(P( '  Which decades ? ) ''0)) i 
IF NOT KEYSIN OR NCMR = 0 THEN RETURN i 
END i 
ELSE RETURN i 
CALL S E T ~ ( ~ I B ~ C K U P S R E S T W S ~ F ~ R ' ~ ~ ~ ~ ~ )  I 
INDEX * 0 i 
ELSE I F  KEY = 'N' THM 
DO I = 0 TO )(CHAR-1 I 
KEY = CHBUF(1) i 
I F  LEWSLCADE(KEY) T E N  
bo J = 0 TO 9 i 
FILESNunBER = lOMXSKEYCVALUE(KEY) t J 1 
IF WOT READS251(20~20rM".E(FI&S"BER) dFuESBwTER) THEN RETURN i 
I F  FILESwFFw(65) 0 0 THEN 
DO i 
CALL WRITE(@(CRtLFi' Job f i l e  ' ~ 0 ) )  i 
EAU CO(ASCII(F1LEURMBER / 10)) i 
C A U  CO(ASCII(F1LESNUMBER HOD 10)) i 
CALL WRITE(@(' ''0)) i 
CALL HRITE(B1LESBUFFER) i 
DIR(F1LESNMBER) INDEX = INDEX i 
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12% 5 
1257 5 
1258 5 
1259 5 
1260 4 
1261 3 
1262 2 
1263 3 
1264 3 
1265 2 
1266 1 
1267 2 
1266 2 
1269 2 
1270 2 
1272 2 
1273 3 
1274 3 
1275 4 
1276 4 
1277 4 
1278 3 
1279 2 
1280 2 
1281 2 
1282 2 
1285 3 
1284 3 
1285 3 
1286 3 
1287 4 
1288 4 
1269 4 
1290 4 
1291 4 
1292 4 
1293 4 
1294 4 
1295 4 
1296 3 
1297 2 
1298 1 
1299 2 
1300 2 
1301 1 
DIR(FILECNUlBER) .LEWTH = 65*FINDD(eFILEMUFFUI(64) ~011280-64) i 
INDEX = INDEX + BIR(FI1E)ARIBER) .LENGTH i 
M i  
l l o M ( w I u s w u m n F o ( I I ( w 0  r ~ ~ ~ ( ~ ~ ~ ~ ~ )  .LENGTH) i 
END i 
Ens; 
# I = O T O 3 1 i  
HDRm = 'X251' i 
END; 
/t FIllAL STEP : FILL HEADER BLOCK WITH I D  n/ 
m i  
RESToREi PROCEDURE i 
PECLARE I BYTE i 
CALL WlITE(N'Restore bubble f i l e s  ? ) J r O ) )  i 
CALL YESW i 
IF  KEY 0 'Yr T E N  RETURN i 
W I = O T O 3 1 i  
IF HDR(1) 0 'X251' THEN 
DO i 
CMl lRITE(etCRiLFiBEL, 
'External k k u r h e s b r e  buffer does aot contain restore file.'rO)) i 
RE"; 
Enel  
M i  
CALL IIRITE(P(CRkF, 
'Active files Mil l  be overwitten, Are YW sure ? ''0)) i 
ClyLYEsStuli 
I F  KEY = 'Y' THEN 
DO I = 0 TO 99 i 
CW SETL1(0dEDIT%BWFERA40) 
FuEWFFER(64) = OFFH i 
IF  DIR(I).LEMGTH ) 0 THEN 
Do; 
CKL liRITE(etCRtLFf'Job f i l e  ' 1 0 ) )  i 
EALL co~Asc I I ( I  / 10)) i 
CAU CO(AscII(I HOD 10)) i 
CALL HOUB(II#O(DIR(I) .INDEX) J~EDIT$BUFFERI~IR(I) .LENGTH) i 
mu wRIme(' = ')o)) i 
CALL HRSTE(KD1TSBUFFER) i 
EDITSFILECMMBER = I i 
CALL ItRITEC251(1) i 
END i 
END i 
M i  
KSET : /a HAIN PROGRAII */ 
L 
i 
DISABLE i /* DISABLE INTERRUPTS €/ t 
1 
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1302 t 
1303 1 
1304 1 
1305 1 
1306 1 
1307 1 
1508 1 
1309 1 
1310 1 
1311 1 
1312 1 
1313 1 
1314 1 
1315 1 
1316 1 
1317 2 
1318 2 
1319 2 
1320 2 
1321 2 
1322 1 
1323 1 
1324 1 
1325 1 
1326 1 
1327 1 
1329 2 
1330 2 
1331 2 
1332 1 
I 
1328 2 
CALL SETW(0~0~4094) i
CALL IWITIIKIZESINTERRUPTS i 
CALL IWITIKIZESPRINTER i 
C A U  IIONLOK i 
F I L E l N M E R  = 255 i 
C A U  ERASESDITlBUFFER i 
CMDSSIWE = 'MI i 
DATAlTYPE = 'B' i 
/a CLEAR R A M  (EM05 lun 8K BYTES LONG) a/ 
/+ PERFORM BAUD RATE LOCK-WI +/ 
/a SET UP REPEAT FOR MB a/ 
RESTART: 
CALL IN IT IAL IES251  i /a JNITIAUZE SEX251 BUBBLE HEMIRY MULTIHOWLE +/ 
CALL YITE(@(CRILFt 
LF, 
I xx xx 
I xx xx 
I xx xx 
I xxx 
I xx xx 
I xx xx 
I xx xx 
I nnn MM 
I nnnnnnnn 
I nn nnn tm 
I M M n n  
I MM nn 
I nn nn 
I MM nlr 
01) i 
I 
AA 
AAM 
M M  
M M  
AAAAAAAAAA 
AA AA 
AA 44 
I11111 
I1 
11 
I1 
I1 
I1 
IIIIII 
IIIIII 
I1 
I1 
I1 
I1 
!I 
IIIIII 
DDDDDDD SSSSSSS 'ICRILFI 
DD DD SS SS 'rCRILFI 
DD zlQ SS ICR r LF I 
DD DD SSSSSSS 'ICRILFI 
DD I D  SS ' ICRILFI 
DB DD SS SS IICRILFI 
DDDDDDD SSSSSSS 'ICRILFI 
I I CRI LF I 
NN HN TTTTTTTT'~CRILFI 
NNH NN TT 'ICRILF, 
HN NH Hw TT 'ICRLFI 
MN HN HN TT 'tCRILFr 
M WN NN TT '~CRILFI 
HN N" TT 'JCRILFI 
HN HN ll '~RILFI 
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REPEAT: /+ DISPLAY MEMU a/ 
C U L  SHOIISUIII i 
NEXT : 
WTPUTSBISIIBLEB = FALSE i 
INCREMENT = 1 i 
I F  JOBMUN THEM 
/+ PROCESS NEXT COMMAND a/ 
BO i 
I F  JOBSBUFFER(JOBIBWFER%INDEX) = OFFH THEN 
I F  JOBlBWFER(JOBSBUFFERS1NDUO = 0 THEN 
END i 
I F  NOT JODSRUN TKEN 
CALLcRHIi 
I F  JOBlIDLE THEN 
CALL CO('.')i 
ELSE I F  JOBlSETUP THEN 
Do; 
CALL CO(')') i 
JOBIBWFER(JOBSBUFFERS1NDEX) = OFFH i 
JOB$BWFER%INDM = JOBSBUFFERSINDEX + 1 i 
END i 
JOBlBUFFERSINDEX = JOBlBUFFER$IWDEX + 1 i 
JOBlIDLE i 
/a NORHAL PROWT CHAR a/ 
TRYSAGAIN: 
1333 2 
1334 2 
1335 2 
1356 2 
1337 2 
1338 2 
1339 2 
1340 2 
1341 2 
1342 2 
1343 2 
1344 3 
1345 3 
1346 3 
1347 3 
1348 3 
1349 2 
1350 3 
1351 3 
1352 4 
1353 4 
1354 4 
1355 3 
1356 3 
1357 3 
13s 3 
1359 3 
1360 3 
1361 3 
1362 2 
1363 2 
1364 2 
1365 2 
1366 2 
1567 2 
1368 3 
1369 3 
1370 3 
W CA!X KEYSCASE (e (22f 0123456789 ,ESC t SPACE! 'MIJRS' !CNTLSCdNTLIBdNTL%Rt CR) 1 1 
USE0 : 
CASE1 : 
CASEZ: 
CASE3 : 
CASE4 I 
CASW: 
CASE6 I 
CASE7 
CASEB: 
CASE9 : 
CnS€lO I /a ESC */ 
W LOAMJOB i 
CML LOAD%IB i 
CALL LOAD%JOB i 
CAU LOIID%JOB i 
CALL LMDhJOB i 
ClKL UIADIJOB i 
ClKL LOADUOB i 
CAU LOABSJOB i 
ChLL LMDIJOB i 
CALL L W B  i 
DO i 
CALL WROE%JOB%ENTRY i 
ClKLcRKFi 
CUCRU.Fi 
GO TO RESTART i 
END; 
WE11: 
M i  
I F  JOBtSETUP THEN 
M i  
CKL WRGEIJOB~EMTRY i 
CU LIRITE(WEL,' (UMI) - i I I e ¶ d  rweat in Job u W t 0 ) )  i 
END i 
ClKL M%CHD i 
CALL XWD i 
CALL JIMD i 
ELSE IF mw=w THEN 
ELSE IF  CWISAVE=fI' Mu( 
ELSE I F  CMD$SAVE='Jf THM 
Mi  
ClvLlWlDi 
CALL HWIB i 
CALL IICW i 
CALL J"B i 
CALL RSCW i 
Do; 
I F  JOBIRUN THEM 
CALL HRITE(WCurreat wmry seaent register : 'rO)) i 
cnsE12I /I m y  co"D */ 
CASE13 : /a HELP COnnMD */ 
CASE141 /a I / O  COMAND 41  
CASE15 : /4 JOB COMMD I/ 
CASElb: /a RWT COUNTER DISPLAY */ 
CASE17: /I CHANGE MEHORY SEGNENT 41 
WTPUTUISABLED = TRUE i 
/f WIWK */ 
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1371 3 
1372 3 
1373 3 
1374 3 
1375 4 
1376 4 
1377 4 
1378 4 
1379 3 
1380 2 
1381 3 
1382 3 
1383 3 
1384 3 
1385 2 
1386 3 
1387 3 
1388 3 
1389 3 
1390 2 
1391 3 
1392 3 
1393 3 
1394 3 
1595 2 
1396 2 
1397 1 
1398 1 
1399 1 
1400 1 
1401 1 
c u  N E X 4 m " T )  f 
ClYL NRIl€(e(CUtLFt'Enter desired segment value (0 - FFFF) ) ' t 0 ) )  i 
I F  GETHEX(lt4) THM 
M i  
S E L W T  = HWMORD i 
CW WITE(e(CRA.Ft'bdated m o r s  se4nent register : t o ) )  i 
CALL HEX4~SEGMHT) i 
r n l  
EWD i 
M i  
I F  JOWSETIJP THEH 
ELSE 
E N D I  
Do; 
I F  JOBIIBLE THEN 
CAU BACKUP i 
ELSE 
60 TO ILLEGAL i 
END; 
M i  
I F  JoI$IDLE THEN 
ELSE 
m i  
GO TO REPEAT i 
CASE18 I 
CALL JWID i 
60 TO ILLEGAL i 
cAsE19: 
C M E P O  : 
cw RESTORE i 
GO TO ILLEGAL i 
CASE21 : 
M i  
/a CNTL C i /  
/t M(TL B t/ 
/@ OK TO DO BACKUP d 
/* CNTL R */ 
/t OK TO BO RESTORE fi/ 
/ i  CR t/ 
GO TO NEXT i 
ILLEGAL! 
WEEP; 
CALL PURGWOBKNTRY i 
GO TO T R Y W M I N  i 
M i  
MODULE INFORMTION: 
CODE AREA SIZE = 1C7M 7291D 
CWTW MEA S I Z E  = llFBH 46OOD 
VARIABLE AREA SIZE = OBEOH 3040D 
WIHllH STACK SIZE = 003AH 5BD 
1633 LINES READ 
0 P R W R M  WARNINGS 
0 PRoGRAn ERRORS 
DICTIONARY suI(wRY: 
46 
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IWB nEtlORr AVAILABLE 
26KB EHORY USED (13%) 
OKB DISK SPACE USED 
EN8 OF PVII-E6 COtlPILATION 
47 
APPENDIX C 
F i l e  LP.P86 
The fo l lowing  l i s t i n g  shows t h e  PLM86 source language f o r  t h e  module c o n t a i n i n g  
t h e  l i n e  pr inter  i n i t i a l i z a t i o n  and s e r v i c i n g  r o u t i n e s .  
t h e  fo l lowing  procedures: 
Th i s  module d e c l a r e s  PUBLIC 
INITIALIZESPRINTER a PROCEDURE tha t  i n i t i a l i z e s  t h e  8255 paral le l  p e r i p h e r a l  
1/0 c h i p ,  commands t h e  p r in te r  on l i n e ,  and erases t h e  
screen image b u f f e r .  
PRINTERSBUFFER a PROCEDURE w i t h  a BYTE argument c o n t a i n i n g  an  A S C I I  
c h a r a c t e r  which is t o  be copied  i n t o  t h e  screen 
image b u f f e r .  
PRINTERSSNAPSHOT a PROCEDURE t h a t  synchronous ly  copies t h e  screen image 
b u f f e r  i n t o  t h e  pr inter  b u f f e r  by l i n e s  p r o p e r l y  
o rde red  f o r  p r in t e r  dump. 
PRINTERSSERVICE a PROCEDURE called f r e q u e n t l y  t h a t  serves as a background 
t a s k  to  supervise t h e  pr inter  state. 
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iRHX 86 PL/N-E6 V2.7 COHPILATION OF HOW LP-PE6 
OBJECT HOW PLACED I N  LP.OBJ 
C0)EpILER INVOKED BY: UNGiPu(86 LP.P86 
CCWACT R M  OPTIHIZE(9 
STITLE("ASA/ADFRF XAIDS M I N T  PRINTER ROUTINES 14 JAN 1987') 
/a MSA AHES DRYDEN FLIGHT RESEARCH FACILITY R GLOVER a/ 
1 LPJ86:  DO i 
/a EXTERNAL ROUTINES a/ 
2 2 M I T E :  PROCEDURE (PTR) EXTERNAL; DECLARE PTR WINTER; ENDi 
5 2 Hx1: PROCEDURE (VAL) EXTERNAL; BECLARE VAL BYTE; END; 
8 2 HEX2i PROCEDURE (VAL) EXTERNAL; DECLARE VAL BYTE; ENDi 
/li SIC 8 ~ 0 s  BOARD PROGRAMABLE P RIPHERAL INTERFACE I/O PORT nAPPING */ 
11 1 DECLnRE PPIA L ITERWY 'OCEH' i /a PM-PA'I 8287 (INVERTING) m/ 
12 1 DECLARE PPIB LITERALLY 'OCA" i /a PBO-PB7 902 (TERHINATOR) */ 
13 1 DECLARE PPIC LITERALLY 'OCCH' i /a PCO-PC3 7408 (NOM-IIIvERTIffi) */ 
/a PC4-PC7 902 (TERIIIMTOR) a/ 
14 1 DECLARE PPIFLG LITERALLY 'NE" i 
/* I/O STATUS FLAGS a/ 
15 1 DECLARE PTRSBUSY LITERALLY 'SHR(INWT(PPIC)i7)' i 
16 1 nECLARE PTRSSELECT UTERAUY 'SHR(IMPUT(PPIC)~4) ' i 
/a NISCELLAWNJS DECLARATIONS a/ 
17 1 BECLARE TRUE LITERALLY 'OFFHI i 
18 1 DECLARE FALSE LITERALLY '0' f 
19 1 BECLARE FOREVER LlTERAUY 'WHILE TRUE' i 
20 1 DECLARE KEY BYTE E X T W  i 
21 1 DECLARE CRTSLINE (24 STRUCTURE (CHAR (80) BYTE) i 
22 1 DECLARE PTRSLIIIE (24) STRUCTURE (CHAR (80) BYTE) i 
23 1 W R E  (ROHJCOL,FF$FLG) BYTE i 
24 1 DECLARE PTRFLG BYTE i 
/E PTRFLG POSSIBLE STATES I a/ 
/a 0 RESETi DESELECTEh OR OFF a/ 
/a 1 IBLE AllD SELECTED (On LIME) a/ 
/I 2 PERFWIIIIG PRINTER FORM FEED a/ 
/w 3 PERFORHING PRINTER LINE FEEDS a/ 
/w 4 PERFOMIMG PRINTER INDENT @/ 
/* 5 PERFORIIING PRINTER LINE DUHP */ 
/a 6 PERFORHING PRINTER CR & LF a/ 
01/14/87 09:49:35 PAGE 1 
25 1 STROBE: PROCUURE (CHAR) i 
26 2 DECLARE CHAR BYTE I 
27 2 WTPUT(PP1A) = MOT CHAR i /w INVERTING DRIVERS ON PORT A */ 
28 2 DISABLE i 
29 2 OUTPUT(PP1FLG) = OOH i /a RESET PORT C BIT 0 (,NOT. STROBE) a/ 
30 2 WTPUT(PP1FLG) = 01H i /a SET PORT C BIT 0 ~ R U I W E  STROBE) ti/ 
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31 2 
32 2 
3 3 1  
34 2 
3 5 2  
3 6 2  
a 2  
3 8 2  
39 2 
40 2 
41 1 
42 2 
43 2 
44 2 
45 2 
4 6 3  
47 3 
4 0 3  
49 3 
50 4 
51 4 
52 4 
5 4 4  
5 5 4  
5 6 3  
57 2 
3 2  
59 3 
61 3 
62 2 
6 3 2  
64 3 
6 5 3  
67 3 
u 3  
69 2 
70 2 
7 1  3 
7 3 3  
74 2 
7 5 2  
76 3 
77 3 
7 8 2  
7 9 1  
BO 2 
8 1  2 
82 2 
83 3 
0 4 3  
8 5 4  
8 6 4  
87 5 
0 9 s  
EMUEi 
E l  i 
PRINTWSWSHQT: PROCEWRE PUBLIC i 
DEW (ItJ) UTE i 
I F  KEY = 10H THM /f CNTL P i /  
/f READY FOR WMP */ 
/f J IS FIRST UK W SCREEN IM f/ 
k o i  
I F  PTRFL6 = 1 THW 
M i  
J = R O H t l I  
DO I = 0 TO 23 i 
I F  J = 25 THUl J = 1 i 
CU mWB(eCRTKINE(J-1) tCPTRKIE(1)  ,801 i 
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9 0 5  J = J t l i  
91 5 END i 
92 4 PTRFLG = 2 i 
93 4 END i 
94 3 K E Y = O i  
9 5 3  END i 
96 2 E M  i 
97 1 
98 2 
99 2 
101 2 
102 2 
103 3 
104 4 
105 4 
107 4 
108 3 
109 4 
110 4 
111 3 
112 4 
113 4 
114 5 
115 5 
116 5 
117 4 
118 4 
119 4 
120 4 
121 3 
122 4 
124 4 
125 4 
I26 4 
I27 4 
128 5 
129 5 
130 5 
131 5 
132 4 
133 3 
134 4 
135 4 
I36 4 
137 4 
138 5 
139 5 
140 5 
141 
142 .I 
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PRINTERSSERVICE: PROCEDURE WBLJC i 
DECLARE (INDEXtLINE) BYTE i 
I F  NOT PTRSSELECT THEN PTRFLG = 0 i 
I F  HOT PTRSWISY THEN 
DO CASE PTRFLG HOD 7 i 
RESET: 
Mi 
FFSFLG = TRUE i 
I F  PTR$SELECT THEN PTRFLG = 1 
END; 
DO i 
RETI" i 
END i 
DO i 
I F  FFKLG THEN 
IDLE : 
FORMFEED : 
DO i 
CALL STROBE(OCH) i 
FFSFLG = FALSE i 
END; 
FFSFLG = TRUE i 
ELSE 
I N D E X = O i  
PTRFLG = 3 i 
END i 
LINESFEEDS: 
DO i 
I F  INDEX { 6 l" CALL STROBE(OAH) i 
ELSE C A U  STROBE(0DH) i 
INDEX = INDEX t 1 i 
IF IW ) 6 THEN 
DO i 
LINE = 0 i 
INDEX = 0 i 
PTRFLG = 4 i 
END i 
/* UNEKEEBS */ 
END i 
INDENT: 
DO i 
CALL S T R O W '  '1 i 
INDEX = INDEX t 1 i 
I F  INDEX ) 16 THEN 
Mi 
INDEX = 0 i 
PTRFLG = 5 i 
END i 
END i 
LINESDUW: 
/a E E D  FF EVERY OTHER PASS I/ 
/* INDENT n/ 
/* LINESDUHP i /  
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143 I 
144 4 
145 4 
144 4 
147 5 
140 5 
149 5 
150 4 
I 151 3 
, 
152 4 
153 5 
151 5 
155 5 
156 4 
157 5 
158 5 
159 5 
I 160 4 
161 5 
162 5 
163 5 
164 5 
165 6 
166 b 
167 6 
168 5 
169 4 
170 3 
171 2 
172 1 
M i  
EAU STROBE(PTRKJK(L1IIU .#IAR(IllbEX)) i 
1" =INDEX + 1 ; 
IF INDEX ) 79 THEN 
w l f  
INDEX=Oi 
PTRFLG = 6 1 
DID i 
/a EllD OF UIE a/ 
/a CRUF a/ 
m i  
W CASE INDEX HOD 3 i 
CR: 
CRSLF I 
m i  
CAU STRoBE(0DH) i 
1 m = 1  i
Elm; 
Do; 
CALLSTRoE(0AH) i 
I I I w I = 2 I  
END i 
IEWUIHE: 
DO i 
U)(c:=UNE*li 
IF LIE ) 23 THEN 
USE 
LFI 
PTRFLG = 1 i 
Bo; 
I N W ( = O i  
PTRFLG = 4 i 
END; 
END i 
Em; 
END i 
m i  
m i  
CODE AREA SIZE = 029FH 671D 
wI(sTMT AREASIZE = OOOOH OD 
WRIABLE AREA SIZE = OFOBH 3848D 
MXIM STllcK SIZE = 0008H 8B 
202 L I E  READ 
0 PRlJ6w Wines 
0 PRW ERRORS 
l9SKB MrmRY AVAILABLE 
4KB my USED (sx) 
OKP DISK SPACE USED 
Ol/lU87 09:49:35 PAGE 
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APPENDIX D 
F i l e  RUPTS.P86 
The f o l l o w i n g  l i s t i n g  shows the PLM86 s o u r c e  language  f o r  t h e  module c o n t a i n i n g  
t h e  i n t e r r u p t  i n i t i a l i z a t i o n  and s e r v i c i n g  r o u t i n e s .  This  module d e c l a r e s  PUBLIC 
t h e  f o l l o w i n g  variables and procedure :  
INTSCOUNTER 
NMISCOUNTER 
a n  a r r a y  of e i g h t  DWORD c o u n t e r s  which t a l l y  t h e  
i n t e r r u p t s  from the Mul t ibus .  
a DWORD c o u n t e r  which t a l l i es  the number of bus 
t imeou t i n t e r r u p t s  . 
UNKNOWNSCOUNTER a DWORD c o u n t e r  which ta l l ies  e x t r a n e o u s  i n t e r r u p t s .  
BTOSFLAG a BYTE state  v a r i a b l e  which s i g n a l s  the o c c u r r e n c e  of 
a nonmaskable bus t imeou t  i n t e r r u p t .  
INITIALIZESINTERRUPTS a PROCEDURE which i n i t i a l i z e s  the 8259 i n t e r r u p t  
c o n t r o l l e r  c h i p ,  sets up 256 i n t e r r u p t  v e c t o r s ,  
and unmasks and e n a b l e s  a l l  i n t e r r u p t s .  
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:L*9-% CiJWER MWADFRF XAIDS HAINT INTERRUPT ROUTiHES 14 Jan 1987 
iMX 86 WE6 V2.7 CWBILATION OF MDULE RUDTS986 
OBSCT HOWLE PLACEB I N  RUPTS.0PJ 
COQILER I W O W  BY: :lAU6lrl& RWTS.PE6. 
)#WPMT ROH WOINTUECTOR OPTIllIZE(3) 
STITLE( 'WADFRF XAIDS M I N T  INTERRUPT ROUTINES 14 Jan 1987') 
/* NASA AKS DRYDEN FLIGHT RESEARCH FACILITY R &OVER */ 
1 
2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  
9 1  
10 1 
11 2 
12 2 
13 1 
14 2 
15 2 
16 2 
17 2 
18 1 
19 2 
20 2 
21 1 
22 2 
2 3 2  
24 2 
25 1 
26 2 
27 2 
2 8 2  
29 1 
30 2 
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W T L P 8 6 :  W i 
/f SBC 66/05 BOARD If0 PORT WPIIIG f/ 
DECLARE PIffI.6 U T W Y  WO" i /* PRO6RMW.E INTERRUPT CONTROULR f/ 
DECLARE PICHSK UTERKLY 'OC2H' i 
DECLARE VECTOR (256) POINTER AT (00000bH) i 
DECLARE WETO BYTE AT (OC701EH) i /f PERPRO M I N T  )TO FLAG */ 
DECLARE INT(cwIcIER (8) DWRD PUBLIC i /* tMTIBllS INTEWPT T W Y  WUCTERS */ 
DECLARE )o(ISCOUNTER 
DEMARE U-TER DWORD PUDLIC i /t RDWMHO RUPT TYPES SHARE COUNTER I/ 
DECWZE STMFLAB 
DWOR) PUIUC i /f BEAD" TIHER InTERwlpT COUNTER f/ 
BYTE PUBLIC i /f BUS TIHEOUT FLAB I/ 
/t FOUOWIIIG ARE INTERRWT T U Y  ROLITINES f/ 
UNKNOllll(CWnTERS1"ENTI PRMXWRE INTERRUPT b i 
UNKNOWSCOUKFER = USIKIIMBISCOUNTER t 1 i 
MD; 
N H I ~ N T E R S I I I C R W I ' I :  PROCEDURE INTERRUPT 2 i 
IWISCOMTER = MISCOUNTER t 1 i 
BTOKUB,IIPBTO = Wnr i 
OUTWORD(PICFL6) * 4OH i 
E m f  
/* SET BTO FUG LOCALLY 6 I N  PERPRO t/ 
/I CLEAR FLIP-FLOP (OCH2 NO-OP) it/ 
EOI: PROCEDURE1 
WTPUT(PItFl.6) = 2oH I 
m i  
/f END OF INTERRUPT f/ 
INTO(CWI(TERS1NCRCHENT: PROCU)URE INTTERRUPT 32 i 
IWT$COWER(O) = INTSCOUNTER(0) + 1 i 
W EO1 i 
EwbI 
INTlXOMTERSINCREIIMTI PROCEDURE INTERRUPT 33 i 
INT%CcOUnTER(l) = INTXWNTER(1) t 1 ; 
CALL E01 i 
E lmi  
IYT2KOUKFER$INCRElEEWT~ PROCEDURE INTERRUPT 34 i 
INTSCOUNTER(2) = INTKWNTERQ) + 1 i 
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31 2 CALL EO1 i 
32 2 W D I  
33 1 I N T 3 N E W I I T E R S I N C R i  PUEEMRE INTERRUPT 35 i 
34 2 INTSCOUNTERQ) = INTSCOUNTER(3) t 1 i 
39 2 CALL EO1 f 
36 2 ENDi 
37 1 INT4SCOUHTERSIEREMNT: PROCEDURE INTERRUPT 36 i 
38 2 INTSCOlMTER(4) = INTSCOUNTER(4) t 1 i 
39 2 CALL EO1 i 
40 2 END i 
41 1 INT5Sr2"TERSINCREHENT: PROCEWlOlE INTERRUPT 37 i 
42 2 INTSCOUNTER(5) = INTCCWIITER(S) t 1 i 
43 2 CU EO1 i 
44 2 m i  
45 1 INT6$CWTERSJNCREItENl: pR#TwRE INTERRUPT 38 i 
46 2 INTSCOUNTER(6) a INTSCOUNTER(6) t 1 i 
47 2 CALL EO1 i 
U 2 END i 
49 1 INT7SCOUNlERSINCRE~: PROCEWRE INTERRUPT 39 i 
50 2 INT%C!"lER(7) * IIITScwIITER(7) t 1 i 
5 1  2 C W ~ I  i 
52 2 END; 
53 1 INITIAUZEIINTERRUPTS: PROCEDURE W C  i 
54 2 DECIARE I BYTE i 
55 2 DISABLE i /* D I W  INTERRUPTS V 
56 2 BO I = 0 TO 255 i 
57 3 VECTOR (I) = INTERRUPTSPTR(UN1IWOnWICOUNTER)INR~T) i 
50 3 ENDi 
67 2 
6 8 2  
69 2 
70 2 
71 2 
72 2 
73 2 
74 2 
WTPUT(P1CFLG) = OOO10011B 1 
WTWT(PI#WK) = 32 i 
WTWT(PICI(SK) f OOOO11OlB i 
OUTWT(P1CIISK) = OOOOOOOOB i 
WITHORD(PICFl.6) = 4OH i 
ENABLE i 
END i 
/I EDGE TRIGGER, SINGLE PIC I/ 
/n VECTORED TO TYPES 32 THWl 39 1/ 
/t UWSK ALL RUPTS w/ 
/n CLEAR FLIP-FLOP (m2 NO-OP) u 
/a UUULE WTS 1/ 
N O R M .  NESTINGi WERED MSTERJ NORH EO1 #/ 
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I 75 1 END i 
CODE MEA SIZE = 0280H 640D 
VARIABLE AREA SIZE = 002AH 42D 
HAXImm STACK SIZE = oom 34B 
110 L I E S  REAP 
0 PROGRAH WARNINGS 
0 PROGRM ERRORS 
CONSTANT AREA SIZE = OOOBH eD 
DICTIONARY SUHHARYI 
195KB llEllORY AVAILABLE 
4KB KHORY USEB (W 
OK8 DISK SPACE USED 
END OF Pvn-86 COWILATION 
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APPENDIX E 
F i l e  MBM.P86 
The f o l l o w i n g  l i s t i n g  shows the PLM86 s o u r c e  language  f o r  t h e  module c o n t a i n i n g  
t h e  SBX251 magnet ic  bubble  memory (MBM) i n i t i a l i z a t i o n  and s e r v i c i n g  r o u t i n e s .  This 
module declares PUBLIC the f o l l o w i n g  procedures :  
INITIALIZES251 a PROCEDURE that  i n i t i a l i z e s  t h e  SBX251 MBM mult imodule 
READS25 1 a PROCEDURE typed  BYTE t h a t  r e t u r n s  t h e  s u c c e s s / f a i l  s t a t u s  
o f  SBX251 read  o p e r a t i o n s .  Three  arguments  are r e q u i r e d :  
WORD that s p e c i f i e s  t h e  number of 64 b y t e  b l o c k s  to  be  
r e a d ,  a WORD t h a t  s p e c i f i e s  t h e  i n i t i a l  b lock  number, and 
a POINTER that  i d e n t i f i e s  t h e  d e s t i n a t i o n  b u f f e r  
WRITES25 1 a PROCEDURE that  copies t h e  c o n t e n t s  of EDITSBUFFER t o  t h e  
SBX251 MBM. A BYTE argument is r e q u i r e d  t h a t  s p e c i f i e s  t h e  
number of t h e  f i l e  to  receive t h e  20 b l o c k s  
5 7  
PUH-86 COHPILER NASUADFRF XIIIN M I N T  HBH ROUTINES 14 Jan 1987 
iRHX 86 PUH-86 U2.7 C W I L A T I M  OF H O M E  itBH-P86 
OBJECT )IoW PLACUl I N  HM.OBJ 
CONPILER INVOKED BY: :LIU16:rlm86 HM.PB6 
(COHPACT RON OPTIHIZE(3) 
ITITLE("ASA/ADFRF XAIDS M I N T  HBH ROUTINES 14 Jan 1987'1 
/a W AMS DRYMH FLIGHT RESEARCH FACILITY R GLOUER fi/ 
/* SBX231 Magnetic bubble kwrr Nultimodule Routines */ 
1 
2 2  
5 2  
B 2  
11 1 
12 1 
13 1 
14 1 
15 1 
16 1 
17 1 
18 1 
19 1 
20 1 
21 1 
2 2 1  
2 3 1  
24 1 
2 5 1  
26 1 
27 1 
m i  
2 9 2  
30 2 
31 2 
32 2 
33 2 
34 2 
3 5 1  
36 2 
58 
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HM-PB6: DO i 
/@ EXTERNAL ROUTINES II/ 
WRITE: PROCEDURE (PTR) EXm31#LI DECLARE PTR POINTER; END; 
HEX2: PROCEDURE (VAL) DITERW; DECIARE VAL BYTE; END; 
mi: PROCEDURE (VAL) EXTERNAL; DECLARE VAL BYTE; END1 
/* SBC 86/05 BOARD I / O  PORT HAPPIN6 a/ 
DECLARE HBllDAT U T E R U Y  '080" j /a " E T I C  BUBBLE IIENORY fi/ 
DECIARE lowmb LITERALLY '082" i 
bECLllRE HBHSBUSY 
DECLARE )IOIIWmLETE 
DECLARE HMWOPWhIL 
DECLARE IISTIMNGSERROR 
KELllRE ~ O R R E C T M L E I E R R O R  
DECLARE MBHIWORRECTAELE~BLEKRROR 
BECLAW nBmPMITYIERROR 
DECLARE HBHKIFOSREADY 
DECURE TRUE LITERALLY WFH' i 
DECLARE FALSE LITERALLY '0' i 
BECLARE Dm 
D E U E  L&TS251(COWNB 
DECUHIE BYTESCOUFIER 
DECLARE EDITSBUFFER (1280) BYTE EXTERM i /@ USED BY JE COMAHB fi/ 
(64) BYTE i /* BUBBLE lErmRY TEHP STORAGE a/ 
BYTE i /* BUBBLE " O R Y  LAST C M  I/ 
MRB i /a BUBBLE IIEMRY MTA TRMFER COUNTER fi/ 
DECLARE TIMEWTICOUNTER WORD i /fi BUBBLE nmr wn TRANSFER DEM fi/ 
cMIIAwDC251: PROCEDURE (CHD) BYTE i 
DECLARE CN8 BYTE i 
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. 
37 2 
38 2 
39 2 
40 2 
41 3 
42 3 
43 3 
44 4 
45 4 
46 4 
47 3 
40 2 
49 2 
50 1 
51 2 
52 2 
53 3 
54 3 
55 3 
5 6 4  
J? I 
58 4 
s9 3 
b o 2  
61 2 
62 1 
6 3 2  
64 2 
65 3 
66 3 
67 4 
d B 4  
69 4 
70 4 
71 3 
72 3 
73 3 
74 4 
75 4 
76 4 
77 3 
70 2 
7 3 2  
8 0 1  
81 2 
82 2 
83 2 
8 4 2  
8 5 2  
8 6 2  
87 2 
8 B 2  
8 9 2  
90 2 
LMTS2SlSCOrmWD = MID i 
0UTWTOIE"D) = OOOlOOOOP OR ( MID M D  0000111lB 1 i 
TIHEOUTSUMTER = 0 1 
DO WILE NUT HEMSBUSY i 
TIfEWITSCWTER = TIKWTSCOUNTER - 1 i 
I F  TIHEOUTSCOUNTER = 0 TIEN 
m i  
CALL HBHSERROR(@('cmmd accert tireout ' 1 0 ) )  i 
RETUW FALSE i 
END i 
m j  
RETURN TRUE i 
END; 
ORIGINAL PAGE IS 
OE POOR QUALITY 
EMCUTES251! PRo#puRE JYTE i 
TIEOUTSCOUNTER = 0 J 
BO WHILE nsnswsr i 
TIKWTSCOUWTER a TIKWTSCOUNTER - 1 i 
I F  TIIEOUTSCOUNTER = 0 THEN 
MJ 
CALL HBHKRROR(C0cmiand execute tineout ' 1 0 ) )  i 
RETURN FALSE i 
END i 
m i  
RETURN TRUE i 
END1 
CORLETE$251: PROCEDURE BYTE i 
TIIYWTSMWNTER = 0 i 
DO MILE NOT nBnwmwLm i 
I F  tlBmOPKAIL THEN 
mi 
CALL ~KRROR(P('w fail status '101) i 
CALL H E X 2 ~ I w W T ~ ~ D ) )  i 
REM FALSE i 
END i 
TIHEOUTSCOUNTER * TIHEOUTSCOUNTER - 1 i 
IF TIHEWTICOUNTER = 0 THEW 
Do; 
CAU HDllKRRORteOw cowlcte tireout ' 1 0 ) )  i 
RETURN FALSE i 
m i  
EM J 
RETURN TRUE i 
END i 
SETUPS251 : PROCEDURE(NBL0CKSATIRT) i 
DECLARE (NBLOCKStSTART) WORD i 
WTWT~tlMCtlD) = OOOlllOlB i 
CALL TIltE(16) i 
OUTWT(IIBIICIID) = 00011111B i 
CALL TIK(16)  i 
OUTPUTWHCHD) = OOOOlOllP i 
C U  TIK(16) i 
WTPUTMBMMT) = L#IuIpLOCKS) i 
OUTPUT(HMMT1 = OOOlOOOOB OR ( HIGH(NBLOM(S) Iw OOOOOlllS 1 i 
OUTWTOIMDAT) = OOlOOOOOB i /I WBLE RED ONLY a/ 
/a RESET FIFO it/ 
/a SOFTWARE RESET a/ 
/a START WITH BLOCK LEMTH REG a/ 
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91 2 
92 2 
93 2 
94 2 
95 1 
96 2 
97 2 
9 8 2  
100 2 
102 2 
104 2 
105 2 
106 2 
108 2 
110 2 
112 2 
113 2 
114 1 
115 2 
116 2 
117 2 
118 2 
119 2 
121 2 
122 3 
123 3 
124 4 
125 4 
126 4 
127 4 
128 3 
129 4 
130 4 
131 4 
132 5 
133 5 
134 5 
135 4 
136 3 
137 2 
139 2 
141 2 
142 2 
143 2 
14k 2 
145 1 
146 2 
147 2 
148 2 
149 2 
150 2 
152 2 
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IHITIWZES251: PROCWlRE PWIC i 
CALL L1RITE(e(13~10tiBubble m o r 9  initialization . . . . f i O ) )  i 
CAU TfL(Sbfi16) J 
I F  MT COMW%251(9) THui RETURN i /fi ABORT COlwllND i f  
I F  NOT EXECUTES251 THEN RETURN i 
IF NOT CoIcpLETES2Sl THEN RETURN i 
CALL TIK(100*16) i 
CAU SETUPS251(0iO) 1 
I F  UT wmAwDS251(1) THEN RETURN i 
I F  HOT EXECUTES251 THEN RETURN 1 
I F  HOT CWLETES251 THEN RETURN i 
CALL WRITE(P(' corrlete,'tO)) i 
Ern i 
/fi IN IT IMIZE C 0 " D  I ) /  
RUBS251 : PROCEDURE (NBLOCKSISTMTJPTR) BYTE PUBLIC i 
DECLARE (ULOCKSiSTARTiIWDEX) IIORDi PTR POIWTERi BUFFER BASEB PTR (8) BYTE i 
TIIIEOUTSMWI)(TER = 0 i 
INDEX = 0 i 
ClKL SETUPS251 (NBLOCKSATMT) i 
I F  MOT Mrrmy18)251(2) THEN RETURN FALSE 1 
M WILE BYTE%tEWNTER 0 0 f 
I F  HMKIFMREllbY THEW 
W I  
BUFFER(1NDEX) = IMPUTWHDAT) i 
INDEX = INDEX + 1 i 
BYTESCOUIITER = BYTESCWWTER - 1 i 
END i 
DO i 
T I E W I T ~ T E R  = T I N E O U T ~ E R  - 1 i 
I F  TIIIEOUTSCWIWIER = 0 THEN 
ELSE 
Do; 
CAU HBHCERROR(e(iread FIFO tireout ' 1 0 ) )  i 
Go TO ABORT i 
END i 
ENDi  
m i  
IF NOT EXE#ITES2S1 THEN 60 TO ABORT i 
I F  WOT COMPLETES251 THEW 60 TO AwlRT i 
RETURN TRUE i 
WT : 
CW IMTIILlIZES251 i 
RETURN FALSE i 
END; 
WRITES251: PROCUULE (FILE) PUBLIC i 
DECM FILE BYTE, INDEX WORB i 
TIHEOUTSCOLRCIER = 0 i 
I N D E X = O i  
CALL SETUPS2s1(20~20fiF1LE) i 
I F  NOT COMDS251(3) T E N  RETURN i 
DO WHILE BYTESCOWITER 0 0 i 
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153 3 
154 3 
15s 4 
156 4 
157 4 
158 4 
159 3 
160 4 
161 4 
162 4 
163 5 
164 5 
165 5 
166 4 
167 3 
168 2 
170 2 
172 2 
173 2 
174 2 
175 1 
IF HBMSFIFOSREADY THEN 
DO i 
OUTPUT(WDAT) = EDITSBUFFER(INDEX1 i 
INDEX = INDEX + 1 i 
BYTESCOUNTER = BYTESCOUWTER - 1 i 
END i 
DO i 
TIHEOUTSCOUNTER = TIMEOUT$COUNTER - 1 i 
IF TJHEOUTICOUNTER = 0 T M N  
E L X  
DO i 
CALL HBH%ERROR(@(’urite FIFO tirewt ’ 1 0 ) )  i 
GO TO ABORT i 
END i 
END i 
END i 
IF NOT EXECUTE(251 THEN 60 TO M O R T  i 
I F  NOT COHPLETES2Sl THEN 60 TO ABORT i 
RETURN i 
ABORT : 
CALL INITIALIZES251 i 
END i 
END i 
HODULE INFORMATION : 
CODE AREA SIZE = 028AH 650D 
CONSTANT MEA SIZE = OOClH 193D 
VARIABLE AREA SIZE = 004W 73D 
HAXJHUH STACK SIZE = 0022H 34D 
191 LINES READ 
0 PROGRAH WARNIHliS 
0 PROGRM ERRORS 
c DICTIONARY s u n n w  i 
l9SKB MEMORY AVAILABLE 
v 6KB HEtlORY USED (3L) 
OKB BISK SPACE USED 
01/14/87 09:47:27 PAGE 4 
END OF PUH-86 COIIPILATIOH 
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TABLE 1 .  TOP-LEVEL COMMAND KEYSTROKES 
Keys t roke  Funct ion  invoked 
0-9 
(esc) 
( space 1 
M 
H 
I 
J 
R 
S 
( c n t l  C) 
( c n t l  B)  
( c n t l  R) 
( r e t u r n )  
Executes  MBM j o b  f i l e  dO-d9 from c u r r e n t  decade d 
R e i n i t i a l i z e s  MBM and shows s ignon  
Repeats l as t  J ( space , Pi( space 1 ,  o r  I ( space r e r u n  
Invokes memory s e r v i c i n g  r o u t i n e  
Shows h e l p  page 
Invokes I/O s e r v i c i n g  r o u t i n e  
Invokes j o b  s e r v i c i n g  r o u t i n e  
Di sp lays  t h e  i n t e r r u p t  t a l l y  c o u n t e r s  
S e l e c t s  new memory segment 
Exi t s  j o b  b u f f e r  append mode 
Invokes MBM backup r o u t i n e  
Invokes MBM res t o r e  r o u t i n e  
Shows command menu 
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ORIGINAL PAGE IS 
OF POOR QUALITY 
8 0 -  
MBM 
Page 
number 
60' 
40' 
20 
0 -  
processor board 
Job file 3 
Job file 2 
Job file 1 
Job file 0 
board 
Figure 1 .  XAIDS maintenance p r o c e s s o r .  
File 
offset 
address 
040H 
OOOH 
Job 
command 
sequence 
1215 
maximum 
characters 
Job title. 
63 bytes maximum 
Figure 2 .  J o b  f i l e  
mapping. 
OFFFFH 
0210k 
Backup 
buffer offset 
address 
t 
Directory 
Header 
O O O O H I  
Figure 4 .  Backup f i l e  
s t r u c t u r e .  
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x x x x  M 111111 DDDDDDD SSSSSS3 
xx xx AM 11 DD DD SS SS 
xxn M M  I1 DD DD SS 
xxx A A M  I1 DD DD SSSSSSS 
x x x x  MAAMAM I1 DE DD ss 
xx xx 1111 AA 11 DD DD SS SS 
xx X X M  M 111111 DDDDDDD SssSsSS 
I 
I WABFRF XAIBS &intenawe Processor 14 January 1987 R. Glover b n u r  k l r ~  0-91 JO-JPI'JEI JDI I(sr)I H(SP)I J(SP)I (SP)J IRBJ IMI IFBI XFHJ I W I  11111 111181 M I  W J  MRHI HRDr MPI M A J  HFBI HFMJ MDJ MSt RI S 
Display 1. Initial signon. 
(u) 
J(d) = Job decade. 
,E = Job edit. 
J) = Job directory. 
](a) = I/O read rerun. 
Mu) * kmorr read rerun. 
J(sr) = Job rerun. 
(w) = Srace bar. 
I = B o r H  
IRI = I/D read. 
lllli = I/O urite, 
IF4 = I/O fill. 
n# = H e m ~ c Y  wite. 
= Et HI DI PI or A 
IRI = Herorr read, 
e = BJ N J  DJ or A 
= Job IDMI 1. run, I u = 0 thru 9r selects file = 1Ohl t u. 
d = 0 Ulru 91 selects decadn. 
V i  Wmdi f i esA Witores  Job buffer. 
Shous titles for selectad Job decade. 
b e a t  current 'IR' wtw. 
Rerert current 'IN* setup. 
Rereat current job buffer, 
Rereats last rerun ( I(sr)t MW)I or J(sP) ) 
B(rtel or H(ord). 
Sets ut bvtr or word I/O port 9 r w r  disrlar. 
Reretitive byte or w r d  outruts to selected port. 
k i t e s  byte or w r d  to a block of rorts. 
Repetitive byte or uord mrorr urites. 
B ( Y W  I W(ord) J D(wrd) I Pbinter) J or A(SCI1). 
Sets UP byte, uordt dwrdt Pointerr or ASCII duw. 
B(rte)I W(ard)r D(word)r or A(SCI1). 
Erter wrd, dwordl or ASCII str ind f i 1 I. 
Bute scadmodify. 
Disrlars eultibus intrrrwt counters. 
Reloads memory base register. 
Me = llcrorr f i l l .  
HS = b r r  substitute. 
R = Rurts. 
S = Se-nt. 
Display 2. Help p a g e .  
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.Jab k a d e  3u selected 
Job Director9 for d K I b  0 
00:stsrPERPRoRlyl 
01 : Disr lav PERPRO rurts : 01 1, 21 clockt  41 x r t f  rcvt 7 
02 : D is r l a r  PERPRO rtxk 
03 : Display PERPRO r rww version 
04 : 
05 : Send LP message 'Line w i n t e r  interface werat ional . '  
06 : Place PERPRO in RESET d e .  
07 : PIXR PERPRO in  RIM6 I/O lade. 
08 : Place PERPRO i n  XAIDS 1/0 d e .  
09 : Diulrr TW refs : serf rim houri day] ronth, rear, stat i ts 
.Job Editor 
F i l e  = ?? 
Titlr = 
01 a 
E d i t  you : A(rrend) D(elek) E(rasr1 L(oad) S(ave) T(it le)  (esc)=Exit 
C o d  Job nurber (0-99 decimal) ) 0 
File = 00 
Title = Scln PERPRO RAn 
01 = S C 0 0 0 {CR) 
02 * H R B 4 0 0 0 (CR) 7 F F F (CR) 
E d i t  YNI : Ahrend) M e t e )  E(rase1 L(oadl S(ave) T ( i t l e )  (esc)=Extt 
Display 3. Job file examination. 
, d b  f i l e  00 = Scan PERPRO RAll 
CW:(o00 = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 05 
co0O14010~ 0 0 0 0 0 0  00 00 0000 00 00 00 00 00 0000 00 00 
c000:4020 = 00 00 00 00 00 00 06 00 00 00 00 00 00 00 00 00 
C000:4030 = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
c000:1040 = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
C000:4050 = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
coO0:4060 = I 00 00 00 00 00 00 Qo 00 00 00 00 00 00 00 00 
C000:4070 = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
cooo14oM = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
C000:4090 = 00 00 00 00 00 00 00 00 00 00 00 00 00 
Job aborted 
.Job f i l e  01 = b i r r l a y  PERPRO rwtr I 01 1) 2) clock, 4 1  x m t f  r cv f  7 
CW:7310 = 00 00 00 00 00 00 00 00 00 00 00 00 5F 02 15 00 
C O O O V 3 2 0  * 00 00 00 00 04 FA 05 00 85 37 00 00 00 00 00 00 
.Job f i l e  02 = Diulrr PERPRO r t r k  
co00~7Fco= 00 0 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  000000  00 
COOO:7FW = 0 0 0 0 0 0 0 0  0040 00 00 00 00 00 00 5F 04 48 40 
C000:7FEO = SF M 20 74 00 20 84 OC 2F OE OD 05 2F OE 37 04 
C000:7FFO = SF 04 37 04 37 04 1C 70 A5 00 84 00 29 OA 42 OD 
.Job f i l e  03 = B i u l s r  PERPRO rroww verrim 
C000:7280 = PERPRO-11 V1.6 27 FEl 1985 R GLOVER 
,Job f i l e  04 is  m t u .  
Display 4. Job file executions2 
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File = 30 I 
T i t l e  = Scan PERPlM Rlyl 
01 = S C 0 0 0 (CR) 
02 = H R B 4 0 0 0 (CR) 7 F F F (CR) 
E d i t  w n u  : B(rrad) D(eletc) E(rasel L O  S(ave) T ( i t l e )  ( e s c ) = h i t  
Erase e n t i r e  buf fer  ? ) Y 
F i l e  = 7? 
T i t l e  = 
01 = 
Ed i t  mu : B(wend) Dklcte) Elrase) L(oad) S(ave) l ( i t l e )  k c ) = E X i t  
Arrendins t o  buf fer  - use ( c n t l  C) to terminate. 
)Current wmry sc-nt res i s te r  : C400 
Enter des i r rd  se#ent value (0 - FFFF) ) E400 
tbdated ylpti se5ment reg is ter  : C400 
) b r r  Read Bvtes f r o r  aemry addr 0 t o  memory addr F 
C400:OOOO = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
)Job Editor 
F i l e  = ?? 
Titlr * 
I 
01 = S C 4 0 0 (CR) 
02 = n R B o (ut) F (CR) 
Ed i t  menu : A(rrend) D(e1et.e) E(rase) L(oad) S(ave) T l i t l e )  ( e d = E x i t  
D i s p l a y  5. Editing job buffer. 
l k rend in t  t o  buf fer  - use ( c n t l  C) to terminate. 
)Current amor9 w h e n t  re9 i s te r  : E400 
Enter desired sesrent value (0 - FFFF) 
Updated mwrv se-nt res i s te r  I CW 
)Memory Read Bytes from m e m y  addr 0 to  YIMY addr F 
C400:OOOO = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Bo 
)Job Ed i to r  
F i l e  = ?? 
T i t l e  = 
E400 
I 
01 = S C 4 0 0 (CR) 
02 = n R B o (CR) F KR) 
E d i t  you : A(ppend) D(elete) E(r10 L h d )  S(ave) T t i t l e )  (escbEx i t  
.Job f i l e  ?? = 
c4oo:oooo = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
.Job filr ?? = 
C400IoooD = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
.Jab f i l e  ?? = 
C400:OOOO = 00 00 00 00 00 00 00 00 00 00 00 00 90 00 00 00 
.Jab filr ?? 0 
C4OO:OOOO = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
.Job f i l e  ?? = 
cMo:oooo = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 I 
D i s p l a y  6 .  Execu t ing  job b u f f e r .  
F i l e  = ?? 
T i t l e  = Dew o f  ffh I#~I  %I and flRh 
01 = s c 4 0 0 (CR) 
02 = 
03 = H R I 0 (CR) F (CR) 
04 = H F B A A (CR) 4 ( E R )  B (CR) 
05 = I! R B 0 (CR) F (CR) 
04 = H S 4 (CR) 4 7 (W) 7 2 (CR) 6 5 (CR) 6 5 (CR) 7 4 (CR) 6 9 (CR) 6 E (CR 
07 = H R E 0 (CR) F (W) 
OB = H R A 4 (CR) 
F B 0 (CR) 0 (CR) F ( C R )  
) 6 7 (CR) 7 3 (CR) (EX) 
Edit mu i Mrrend) BCle te)  €(rase) L(oad) S(ave) T ( i t l e )  (esc)=Exit 
.Job f i le ?? = Dew o f  IIFBi #Pi M i  and MA 
kmrs F i l l  u i t b  hte value 0 from wmry addr 0 t o  m o r v  add? F 
C400:OOOO = 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
h r v  F i l l  u i t h  Byte value A4 from mmrr adlr 4 to  m r r  addr B 
C400:0000= 0 0 0 0 0 0 0 0  M M M M  M M M Y  00000000 
CIOO :0001.M)47 C400 : 0005=M) 72 CIOO : OOO6=AA)65 C400 : 0 0 0 7 4  )65 
C N O  : OOOE=M)74 C400: W 9 = M ) 6 9  C400:oooA.M)bE C400 : OOOP=AA)67 
CloO iOOQC.00)73 C400 iObOD40) 
C4OOioooO = 00 00 OO 00 47 72 65 65 74 69 bE 67 73 00 00 00 
Display 7 .  Miscellaneous memory operations. 
CW :oooB=AA)74 C100:0009=AA)69 C400 :OOOA=M)6E C400 : 000B=AI )i7 
C400:OOOO = 00 00 00 00 47 72 65 65 74 69 6E 67 73 00 00 00 
C400:0004 = Greetings 
.Brb currant f i i e s  ? ) v A l l  decades ? ) n Which decades ? ) 0 2 b 
C M O  :00OC=OO)73 C400~000b.00) 
Job f i l e  60 = Scan PERPRO RM 
h b  f i l e  01 = Bisrlrr PERPRO rwts : 0, 11 2,  clock^ 41 x r t r  rcvl 7 
Jpb f i l e  02 = D i s r l a r  PERPRO s W  
Job f i l e  03 = Biwlw PERPRO rrofrr  version 
Job f i l c  05 = Send LP l l e S % 3 6  ‘Line rrirtrr interface orerational. ’  
Job f i l e  06 = Place PERPRO i n  #SET mdc. 
Job f i l e  07 = Place PERPRO i n  RHXM I/O rode. 
J& f i l e  08 = Place PERPM i n  MII I10 mde. 
Jpb f i l e  09 = Dirrlrv TCU regs I sac, nini hour, der! muli rear)  status 
Job f i l e  20 = Scm eaQR0 RM 
Job f i l e  21 = Scan W1 ink Llwl R I  
Job f i l e  22 = Scan IEEE 488 cont ro l le r  RlyI 
Job f i l e  25 = Scan IEEE 488 control I e r  110 r o r t s  
Job f i l e  26 = Read llSS status I10 rort 
Job f i l e  27 = Scan Xvlosics b e  controller YO r o r t s  
Job f i l e  60 = D i w l a v  CCU #1 I10 r o r t s  : s k h r  WT rcvr data. 
Job f i l e  61 = D i u l a v  CUI #2 YO r o r t s  : sbturi USART rcv r  data. 
Display 8. MBM backup operation. 
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klrr 0-91 JO-J9t JE, 31 I(*)# M a ) ,  J(sP), (K)I 1R)r IN, IFB, I F h  
IWBi IW1 MB, W, IRE, W I  llRDi MPi MAJ W I I  Icw, WDi MSi R, S 
.Job decrdt 2u selected 
Job lirectorr for dKmk 2 
20 I Scan CEMPRO RAll 
21 : Scan kuliak u)I RM 
22 : Scan IEEE 488 controller RM 
23: 
24 I 
25 : Scaa IEEE 48E controller YO rorts 
26 1 Read )(ss status I/O rort 
27 : Scan Xulosiirs h e  controller J/O rorts 
2 8 1  
29 : 
.Job file 25 = Scan IEEE 488 controller 110 rorts 
UO lIIBo= F F 9 h 9 C F F  FF4312FF FORFFFF FFMRFF 
I/O 4890 = 00 00 00 00 FE FE 00 00 00 00 7F 7F FE FE FE R 
,Job file 26 = Read I(ss status YO rort 
I/O 0101 3 07 
.Job file 27 = Scan Xvlwirr t u e  controller YO rorts 
I/O 4720: 0 0 0 0 0 0 0 0  0000 
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